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Executive Summary 

The objective of this program was to develop and demonstrate advanced equipment for cooling, heating, and ventilating K-12 school classrooms in California. The equipment is designed to improve indoor air quality, save energy, reduce peak demand, and diminish pollution for the state’s citizens. The program employed displacement ventilation (DV) and ultraviolet light in the “C” spectrum (UVC) to improve performance and enhance the indoor environmental quality (IEQ) and energy efficiency of schools. Deploying DV technology was expected to result in greater economizer use, improved ventilation effectiveness, reduced fan energy, better pollutant removal, and reductions in noise. Utilizing UVC technology was expected to result in cleaner coils, enhanced equipment service life, removal of microorganisms, and reduced odor.

Within the larger Public Interest Energy Research (PIER) Program, the objective of the market connection project was to improve the market focus of the program’s technology products, thereby increasing the benefits to California residents of PIER’s investment in the program.

The project team (referred to in this report as “Project 4 staff” or the “Project 4 team”) prepared a technology transfer plan that addressed potential market barriers affecting the implementation of DV and UVC technologies and outlined actions needed to overcome these barriers. In this plan, influential market participants are identified and their market roles are described. Barriers that inhibit market penetration of new technologies and actions needed to overcome these barriers are also discussed.

Specifiers and other decision makers tend to favor systems and technologies that have performed well for them in the past, which can lead to a marked resistance to change. To overcome this resistance, to minimize performance uncertainties, and to reduce the extra effort and consequent cost of deployment, information about new technologies is necessary. Because different decision makers have different roles in the specification, supply, or funding process/value chain, specific market interventions are suggested to address the market barriers that influence each type of decision maker or market participant.

This report describes information products that address market barriers inhibiting the adoption of new technologies for each of the market participants. Information resource channels that are available to market participants are tabulated according to the information source. Meetings, publications, and periodicals that could serve as vehicles for disseminating desired information products are listed for each type of market participant. Project 4 staff developed a suggested delivery plan, which lists the information products to be developed, the venues for disseminating the products, and the dates for delivery of the products to influential market participants through these venues.

The products described in the delivery plan have been developed and transmitted to influential market participants through the channels identified in the plan. These information products include fact sheets that address market barriers and issues affecting the acceptance of the new technologies by key market participants. Using much of the material from these fact sheets, Project 4 staff also prepared and published articles in Engineered Systems for both the DV and UVC technologies. 

The Project 4 team prepared presentations using introductory materials from the fact sheets and articles, along with information on Project 2 (thermal displacement ventilation) and Project 3 (effectiveness of UVC technology) results. These presentations were given to audiences of influential market participants at selected utility training centers, specifiers at the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) winter meeting, and a variety of school officials and other market participants at the Coalition for Adequate School Housing (CASH) annual meeting. Presentation materials used for the utility sessions were extensively annotated with explanatory materials to permit them to be used as material for a training course or for self study. 

Project 4 staff also developed guidelines that included model educational specifications (EdSpecs) for assisting school officials in amending their EdSpecs to include DV or UVC. Guidelines for DV and UVC were prepared in the format of the Collaborative for High Performance Schools (CHPS) Best Practices Manual, Volume II, Design, which will allow the guidelines to be used for the next version of that manual. The team members produced applications guidelines for off-the-shelf UVC lighting equipment and for DV equipment. These guidelines, which included application considerations, equipment alternatives, and selection criteria, as well as listings of system and component alternatives, are primarily designed to assist school officials and specifiers in making a preliminary assessment of equipment that could meet their needs.
This report describes the market connections and outreach effort conducted during the course of the project through involvement with ASHRAE technical committees; with organization of ASHRAE technical seminars and forums; and with telephone conversations, e-mails, and meetings with key market participants. Mechanisms used to deliver technology transfer products to influential market participants are described.

Codes and standard issues that might impede the specification and installation of DV and UVC lighting systems for coil cleaning were identified. The main codes and standards issues with DV revolve around the differences between conventional mixed ventilation systems and stratified DV systems in terms of room airflow patterns and air temperature distribution, sizing, ventilation effectiveness, handling of thermal loads and indoor pollutants, supply-air quantity and temperature, control strategies, and economizer operation. The Project 4 team determined the actions needed to address these issues by working with the organizations involved in setting and monitoring relevant codes and standards. In addition, certification and incentive programs are outlined. 
The Project 4 team concluded that existing standards need to be modified to ensure that DV is handled fairly. These standards are principally the Energy Code provisions (Part 6) of the State of California Building Code (Title 24) and ASHRAE 90.1 (Energy Standard for Buildings except Low-Rise Residential Buildings) standards. Other corollary programs—based in part on the California Energy Code (Title 24, Part 6) and ASHRAE Standard 90.1—are CHPS, Leadership in Energy and Environmental Design (LEED®), and Savings By Design. 

For UVC systems a comprehensive UVC standard is needed to ensure that acceptable practice is defined for UVC system design (sizing), installation, field performance, maintenance, lamp replacement, and safety. The International Ultraviolet Association (IUVA) is leading an emerging effort to meet this goal. Title 24, ASHRAE, CHPS, LEED, and Savings By Design standards and programs need to be modified to incorporate efficiency improvements associated with the use of UVC lamps. In general, receiving credit for UVC systems can be problematic because building codes and standards (and the corollary programs that are based on these standards) assume that the coils remain clean with the passage of time and do not account for the natural performance degradation that takes place as space-conditioning systems age.

The results of the Project 2 and Project 3 efforts formed the basis for two white papers—one for DV and the other for UVC. These information products are designed to influence the codes and standards setting bodies and their corollary certification organizations to allow more flexibility in accounting for the attributes of DV and UVC systems. These white papers are the precursor to change proposals for the pertinent standards. To develop the white papers and to ensure their acceptance by the appropriate technical groups and standard setting bodies, the Project 4 team led an outreach effort to connect with these groups and involve them in the process of developing and reviewing the documents. This effort attempted to create a collaborative effort that involved the codes and standards stakeholders as champions of the effort to properly account for DV and UVC in their standards
This report describes how the market connections objectives were achieved—how key market participants were engaged, how their expertise was tapped, what guidance they provided to program staff, how effective technology transfer materials were developed and disseminated, and how codes and standards issues were addressed. Recommendations are given for making future market connections efforts more effective.

Project Objectives and Task Descriptions
The goal of this project was to improve the market focus of the program’s activities and thereby increase the ultimate viability of the program’s technology products, leading to increased public benefits of the PIER investment in the program’s products.
Project Objectives

The objectives of this project were to

· Involve influential market participants at all stages in the program planning and execution to ensure that the program is designed, conducted, and documented in a manner that achieves results that will maximize market penetration and benefits. Make sure that the needs of influential market participants are met through this involvement and that their influence is utilized in convincing their colleagues to accept and adopt the results.
· Utilize the market participants on the Program Advisory Committee (PAC) and other important players, as well as existing information channels, meetings, and publications to ensure that information about the technology enhancements in this project is disseminated to those who can influence school facility construction and operations.
· Provide specific expert guidance to the program director, project managers, and technology developers on technology transfer approaches, format, and content requirements needed to meet infrastructure and specifier needs to maximize market success.
· Provide consistent and appropriate information in effective media forms to relevant market actors and consumers to enable understanding and acceptance of all program products. Present results in a format that infrastructure players understand and convince them that the technology works, that the risks of adopting these technologies are minimal, and that the corresponding energy and cost savings and environmental benefits are considerable.
· Understand the basis for codes and standards that affect the adoption of the proposed technology enhancements, identify individuals who could influence the acceptance of desired changes in codes and standards, and identify the results needed to affect the changes. Convey the project information that is needed to affect codes and standards revisions to the appropriate individuals and organizations.

Project Approach

The Project 4 team completed several major tasks and market connections products within those tasks. This report outlines the work undertaken in completing those tasks and products and discusses the process and approach taken to complete these tasks and products and to deliver the results to influential market participants. The objectives of the major tasks and their products are described in the following sections.
Project Administration (Task 4.0)

The objective of this task was to verify that satisfactory progress was being made toward achieving the market connections objectives of this program. To meet this objective, Project 4 staff carried out a program kick-off meeting, biweekly phone calls, monthly progress reports, and PAC meetings. The team also prepared this project final report.
Program-Wide Market Connection Systems (Task 4.1)

This task had three objectives: (1) to help organize the PAC for the IEQ Program, (2) to develop a plan that identifies market barriers impeding the market penetration of DV and UVC technologies in California schools, and (3) to determine what actions and products are needed to overcome those barriers. Under this task, Project 4 staff selected, recruited, and organized a roster of PAC members and prepared a technology transfer/outreach plan.
Program Technology Transfer (Task 4.2)

The objective of this task was to execute the market connections/technology transfer plan developed in Task 4.1 by developing and delivering the products needed to maximize the benefits of the PIER research and the appropriate use of DV and UVC technologies in K-12 schools in California. For this task, Project 4 staff developed a number of products:
· Promotional fact sheets and brochures with school official testimonials
· Summaries of walk-through tours of demonstration schools

· Training sessions for DV and UVC

· Articles in trade publications and engineering journals

· CHPS training session materials
· Materials for incorporation into the next version of the CHPS best practices manual

· An EdSpec model for DV and UVC applications

· Applications guides for schools for off-the-shelf DV and UVC equipment
Indoor Air Quality Codes Assessments (Task 4.3)
This task was designed to identify codes and standards that might need modification to facilitate adoption of project results, define information needs that must be supplied to affect changes to applicable codes and standards, and present that information in a format that can be used by entities that set codes, standards, and guidelines. As part of this task, the Project 4 team produced a Code Action Plan, along with brochures and white papers on necessary code and guideline actions for DV and UVC.
 Introduction 
This market connection project was concerned with disseminating the results of two technology projects designed to improve energy use and indoor air quality (IAQ) in K-12 schools in California. One of the technology projects examined the use of displacement ventilation (DV) for delivering fresh air more effectively to students and teachers and the other tested ultraviolet light in the “C” range (UVC) for cleaning air-handling units and improving their cooling performance. 

In many schools, existing, conventional, mixed-ventilation space-conditioning systems, which rely on creating fully mixed air in the room, fail to provide the IAQ, acoustics, and comfort that can foster optimal student and teacher performance. DV can be a cost-effective means of optimizing the indoor environment by delivering cool supply air directly to the occupants in a space. The air is cooled so that it enters the room at about 65°F, which is considerably warmer than air from a conventional air-conditioning system. Supplied near the floor at a very low velocity, the fresh air is drawn toward the floor by gravity and spreads across the room until it comes into contact with heat sources. The cool supply air rises as it picks up heat from occupants and equipment. The warm, stale air ascends to the ceiling where it is exhausted from the space. This vertical airflow pattern near each occupant—often referred to as a thermal plume—lessens the likelihood that germs will spread horizontally across the room. Because the fresh supply air is delivered directly to each occupant, this air-distribution system ventilates the space effectively. All these advantages can be realized at a first cost that is comparable to that of less-effective conventional mixed-ventilation systems. Limited testing of DV accomplished by Project 2 staff showed substantial energy and comfort benefits in a side-by-side test of mixed-ventilation and DV systems in an elementary school in Southern California.

UVC technologies can be used to irradiate dirty air-handling system components, deactivating microorganisms on the coils and drain pans of these systems. The UVC light is designed to rapidly clean the surfaces and to subsequently penetrate between the coil fins to clean within the coils. The objectives in removing the microbiological contamination during coil cleaning are to reduce the pressure drop and enhance the air-side heat transfer, improving the system’s energy efficiency. Another potential benefit is improved IAQ, resulting from reduced entrainment of microbes into air passing over the coil before it enters the room.

The benefits of UVC lighting for coil cleaning are (in a retrofit situation) achieved by returning coil performance to the as-built condition or (in a new building situation) by maintaining the coil in a continuously clean condition. The results of Project 3 UVC testing showed that it is not clear whether coils get dirty enough in the California environment to make cleaning a cost-effective proposition. Anecdotal data, however, indicate that using UVC to clean coils that have been heavily fouled in environments that promote heavy microbial growth can be beneficial. In addition, well-designed research in office buildings has demonstrated that this surface cleaning carries over into the workspace with reduced airborne microorganisms and improvements in health and attendance.  
Project Administration (Task 4.0)
This task was undertaken to ensure that satisfactory progress was made toward achieving the market connections objectives of this program. It involved a kickoff meeting, biweekly phone calls, monthly progress reports, Program Advisory Committee (PAC) meetings, and a project final report.
Kickoff Meeting
The Indoor Environmental Quality (IEQ) Program kickoff meeting was held at the California Energy Commission (the Energy Commission) on September 19, 2003. At the meeting, participants discussed the technical objectives of the work, along with financial and technical reporting requirements.
 Biweekly Phone Calls
Project 4 staff participated in biweekly phone calls to exchange information with other staff involved in the program and to convey information about the market connections effort.
Monthly Progress Reports
Monthly progress reports were delivered each calendar month. These reports contained an overview of the work accomplished compared to what was planned, a projection of the work to be accomplished in the next month, and an assessment of problems (if any).
PAC meetings
Project 4 staff participated in all of the PAC meetings. In the first PAC meeting, held at the Energy Commission on January 20, 2004, a presentation was given on progress to date that dealt principally with the technology transfer plan and with preliminary information on codes and standards issues. PowerPoint charts for each of the four Project 4 PAC presentations can be found on the Energy Commission’s PIER (Public Interest Energy Research) IEQ Program Web site.
 Some of the presentation elements were market barriers that need to be overcome; key market participants; market functions of the key participants; market issues and actions needed to address them; information dissemination opportunities for key market participants; school outreach organizations; an information dissemination plan with information products; and assessment of codes and standards issues. Participants’ questions were addressed on site or on further investigation after the meeting.
The second PAC meeting was run by Web conference on June 10, 2004. Project 4 staff gave a presentation that addressed the comments and questions from the first meeting. Topics covered were comments about the Energy Service Company’s (ESCO) interest in schools, the need for material focused on industrial hygienists, the addition of target audience functions and related issues to result in products better tailored to meet audience needs, the addition of contacts to the information resources list, and a chronological listing of products. The main focus of the second PAC meeting, though, was to review the draft Code Action Plan. The objectives of the draft Code Action Plan were to determine how codes and standards affect design, installation, and operation of DV and UVC in K-12 schools in California; and to determine what changes to codes and standards were needed to properly reflect the attributes of DV and UVC in deploying these technologies in schools. The presentation covered applicable codes and guidelines, issues relating to each of these codes or guidelines, and actions needed to address these issues. The codes and guidelines discussed were from the following entities or programs:
· The California Energy Code, Title 24, Part 6
· International Ultraviolet Association (IUVA)
· American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE; Standards 55, 62, and 90.1)
· Collaborative for High Performance Schools (CHPS)
· Leadership in Energy and Environmental Design (LEED®) 

· Savings By Design
· American Conference of Governmental Industrial Hygienists (ACGIH)

· Illuminating Engineering Society of North America (IESNA)

· U.S. General Services Administration (GSA)

· Energy Star

· Air-Conditioning Contractors of America (ACCA)

· Air-Conditioning and Refrigeration Institute (ARI)
The Project 4 team recommended developing white papers and brochures to discuss the issues and target the audiences that would effect necessary changes to these codes and guidelines.

The third PAC meeting was held at the Energy Commission on October 12, 2004. Project 4 staff gave a brief update on the project’s status, which reflected the completion of the technology transfer plan on February 13, 2004,
 (subsequently referred to as the Tech Transfer Plan) and of the draft Code Action Plan on July 16, 2004 (the Code Action Plan is cited in final form later in the report as endnote 19). Ongoing efforts to develop venues and dates for publication and presentation of results were described, along with continuing work to engage entities that set codes and guidelines. After the PAC meeting, participants took a walk-through tour of the Coyote Ridge Elementary School in Roseville, California (one of the demonstrations schools). This tour is described later in this report.
The fourth PAC meeting was held at the Radisson Hotel in Newport Beach, California, on November 25, 2005. The Project 4 team reviewed progress to date, including annotated presentation charts for the benefit of the attendees, which including Energy Commission staff. These annotated charts can be viewed on the Program Web site. Market connections actions that had already been completed or were in progress were described including upcoming ASHRAE and Coalition for Adequate School Housing (CASH) presentations. After the PAC meeting, a walk-through tour of the Kinoshita Elementary School in the Capistrano Unified School District in San Juan Capistrano, California (another of the demonstration schools), was conducted. This tour is described later in this report.
Final Report
This document is the Project 4 Final Report, describing the work accomplished by task and subtask and how this work meets the desired project objectives. More detail is available in the fact sheets, white papers/brochures, reports, presentations and other products cited as deliverables in this report.
Program-Wide Market Connection SystemS (Task 4.1)
The objectives of this task were to help organize the PAC for the IEQ Program and develop a plan that identifies market barriers impeding the market penetration of DV and UVC technologies in California schools, as well as actions and products needed to overcome those barriers.

PAC Roster
Project 4 staff assisted in identifying and recruiting potential PAC members. Discussions with program staff helped to identify market participants needed to form a representative, knowledgeable, robust group of advisors. Following these discussions, Project 4 staff approached several potential committee members, who subsequently agreed to serve on the PAC.

Technology Transfer/Outreach Plan
The Project 4 team prepared a detailed Tech Transfer Plan with the objective of overcoming market barriers affecting market participants involved in specification, financing, installation, operation, maintenance, and use of DV and UVC technologies in K-12 schools in California. The plan addressed the following:
· Market barriers and approaches to overcome them
· Market participants and their role in the specification, financing, installation, operation, and use of new technologies in schools
· Market issues and barriers that influence each type of market participant in their decision making and suggested interventions and stimuli for addressing these issues and overcoming market barriers
· Advantages and disadvantages of DV and UVC equipment that need to be addressed in constructing these interventions and stimuli
· Information resource channels for disseminating program information to each market participant, including organizations, trade associations, and professional associations, along with relevant Web sites, key meetings, periodicals, and other publications

· Organizations that provide outreach and technology information for schools
· Technology transfer products designed to overcome market barriers and influence market participants, using the information dissemination channels identified to produce the desired market effects
· A plan for delivering the technology transfer products
· Codes and standards organizations and issues relating to use of DV and UVC in K-12 schools in California

The Tech Transfer Plan addresses each of these items in detail, with tables, text, and references that represent substantial documentation. The following sections summarize some of this information and offer some examples and highlights. The full plan contains more details.

Market Barriers

Table 1 shows selected market barriers and approaches to overcoming them. Within the table, information or search costs are the costs of identifying efficient products that meet facility needs. Performance uncertainties arise from a lack of hands-on experience with a technology and the need for documented performance under typical operating conditions and practices. Case studies and testimonials are needed from influential market participants with backgrounds similar to those of the specifier seeking the information. Acquisition costs are related to obtaining funding and acquiring the product. Financing barriers need to be overcome by including life-cycle ownership costs that account for energy costs and quantified health and productivity improvements in the borrowing costs. Hidden costs are unexpected costs encountered in operating, monitoring, servicing, and maintaining the equipment. High purchase prices may be offset by incentives from government or utility organizations. Existing codes and standards may not account for the design and operation of new technologies in a manner that permits the benefits of these technologies to be realized. Product availability may be limited because dealers and distributors may be reluctant to stock and promote new products with uncertain sales volume and unproven performance. Information that documents successful operation of the new product and encourages demand for the new product will help address this issue.
Table 1: Information/Actions Needed to Overcome Selected Market Barriers
	Market Barrier
	Information/Action Needed

	Information or search costs
	Product directory—characteristics, performance

	Performance uncertainties
	Case studies, documented performance, testimonials

	Acquisition costs
	Guidelines for specifying, purchasing

	Financing
	Benefits information, sources of funding

	Hidden costs
	Installation, operation, and maintenance guidelines

	High purchase price
	Rebates or other financial incentives

	Codes and standards
	Documented performance

	Product availability
	Publicity and other actions in this table


Market Participants 

Table 2 shows the market functions involved in the infrastructure for school facility construction and improvement and the market participants that typically perform each function. 
Table 2: Market Functions and Corresponding Market Participants
	Market Function
	Market Participant

	Funder
	Government, utility, neighbor

	School building official
	Board member, business officer, facility planner, construction manager, superintendent

	Specifier
	Architect, engineer, contractor, ESCO

	Supplier
	Manufacturer, distributor, dealer

	Operator
	Facility manager, maintenance

	User
	Teacher, student, parent

	Medical 
	Hygienist, nurse


Market Issues and Market Actions

Each of these market functions and participants has issues that they find to be important in making decisions about school facilities and equipment. Market participants who have an influence over school equipment technology decisions and utilization are identified in the Tech Transfer Plan and classified by market functions, issues, and market barriers that are important to these participants. The plan also recommends interventions to address these issues and barriers. Table 3 summarizes these issues and barriers for each key market function. Some of these issues arise from the special characteristics of the participants that carry out that market function. For example, specifiers and school building officials tend to have an aversion to risk, need to deal with bureaucracy, have limited access to capital, are subject to complex regulations, adhere to low-bid contracting, and have short payback horizons. The operator function, as another example, tends to be understaffed and often has personnel with limited experience.
Table 3: Market Functions and Market Issues of Particular Interest
	Market Function
	Issues Important to that Market Function

	Funder
	First Cost, Energy Savings, Cost Effectiveness

	School Building Official/ Specifier
	Cost Effectiveness, Performance vs. Specifications, Delivering Advantages, Overcoming Disadvantages

	Supplier
	High Volume Sales, Reliability, Proven Performance

	Operator
	Operating Guidelines, Simple Maintenance Procedures, Simple Operating Instructions

	User
	Simple Operating Instructions, Documented Comfort, Air Quality, Acoustics and Safety Information

	Medical
	Indoor Air Quality Improvements, Health Effects


Specifiers and other decision makers tend to favor systems and technologies that have performed well for them in the past, which can lead to substantial resistance to change. Information needs to be provided to overcome this resistance to change, to minimize performance uncertainties, and to reduce the extra effort and consequent cost of deploying new technologies. Different decision makers have different roles in the specifying, supply, or funding process/value chain. Specific market interventions are suggested to address the market barriers influencing the decisions of each decision maker/market participant. 
Table 4 lists the actions needed to address market issues. Actions needed to overcome resistance to change and aversion to risk, while also informing the financing and contractor/design selection processes, tend to group themselves into information products that provide documented performance. These actions lend themselves to inclusion in brochures, articles, and fact sheets. Actions needed to overcome lack of expertise with the new technologies tend to group themselves into design, installation, operation, and maintenance guidelines.
Table 4: Market Issues and Actions Needed to Address Them
	Market Issue
	Action Needed

	 Resistance to Change
	 Documented Performance

· Energy savings

· Indoor air quality

· Cost effectiveness

· Comfort

· Health and productivity

· Ventilation improvements

	 Aversion to Risk

· Financial

· Performance
	

	 Capital Limitations 
	

	 Low-bid Contracting
	

	 Lack of Expertise with New Technology 

· Specification 

· Installation

· Operation 

· Maintenance
	 Guidelines

· Design
· Installation
· Operation
· Maintenance


The Project 4 team developed an information dissemination plan that relies on the existing information dissemination channels for each type of market participant. Needed information product would be delivered through these extensive channels, which consist of the following elements:
· Meetings (professional societies, trade associations)
· Expositions
· Training sessions
· Utility energy centers (CHPS, tours, presentations)
· Periodicals (magazines, newsletters)
· Publications (annual or regular updates)
· Web sites (e-newsletters, databases, links)
· Codes- and standards-setting bodies
· Specifications

Information Dissemination Channels 

Information dissemination opportunities were identified for each type of market participant and are presented in the Technology Transfer Plan. Existing information resources that are available to each key market participant are tabulated according to the information source. Meetings, publications, and periodicals that could serve as vehicles for disseminating desired information products are listed for each type of market participant. Web sites and other contact information are given for each organization, meeting, and publication as available. Table 5 illustrates some of those opportunities (Web site and contact information are excluded here for brevity).
Table 5: Information Dissemination Opportunities for Specifiers
	Market Participant
	Organization
	Key Meetings
	Periodicals, Publications

	Architect
	American Institute of Architects (AIA)
	Committee Concerned with Schools (October)
	Building Design and Construction, Environmental Design and Construction


	Engineer/
Designer


	American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
	Summer and Winter Meetings (June and January)
	ASHRAE Journal, ASHRAE IAQ Applications, Other Trade Publications; Engineered Systems, Heating Piping and Air-Conditioning, Consulting-Specifying Engineer



	Contractor


	Air Conditioning Contractors of America (ACCA
	Conference and Indoor Air Expo (February),
	ACCAlert, Contractor Excellence
Other trade publications; The Air Conditioning/Heating/Refrigeration News, Contracting Business



	Energy Service Company (ESCO)
	Association of Energy Service Professionals (AESP)
	Annual Conference (December),
	Conference documentation

	
	National Association of Energy Service Companies (NAESCO)
	Annual Conference (November)
	Conference documentation

“Energy Efficiency Program Planning Book”

	
	Association of Energy Service Companies (AESC)
	Annual Winter Meeting (February)
	Conference documentation

Field reports


The example for users, shown in Table 6, includes teachers, students, parents, and neighbors. Because all of these market participants are potential occupants of the school and classrooms, their reactions to the school environment will have an important influence on how the new technologies are used in future school projects. 
Table 6: Information Dissemination Opportunities for Users
	Market Participant
	Organization
	Key Meetings
	Periodicals, Publications

	Teacher
	California Teachers Association (CTA)
	Good Teaching Conference, (March)
	California Educator

	
	National Education Association (NEA)
	Annual Meeting (July)
	NEA Today

	
	National Energy Education Development (NEED)
	National Conference for Educators (July)
	Energy Exchange Newsletter

	Student

	School student government
	School assemblies, local and regional student government meetings)
	Weekly Reader,

Energy Quest website


	Parent

	National Middle School Association

	National Middle School Association Annual Conference (November)
	Middle School Journal

	
	National Parents Teachers Association
	National PTA Annual Convention (June)
	Our Children

	Neighbor
	May be affiliated with other groups in this table and other tables
	Town meeting and other grass roots meetings
	Newspapers, local media, ballot information


Project 4 staff identified organizations providing outreach and technology information dissemination for schools and tabulated each according to its mission, key publications and periodicals, and key meetings. Selected products and meetings that serve as information dissemination vehicles follow: 
· Alliance to Save Energy, Green Schools Update, e-newsletter
· California’s CASH annual conference in February 
· DesignShare, The International Forum for Innovative Schools, e-newsletter
· Healthy Schools Network, guidebooks
· Savings By Design, energy design briefs as part of Energy Design Resources, Training Sessions at utility energy centers

· Sustainable Buildings Industry Council, High Performance Schools Buildings Resource and Strategy Guide, workshops
· CHPS best practices manuals, training sessions
· U.S. Green Building Council (USGBC), Standards for Government Buildings
· Whole Building Design, Whole Building Design Guide
Technology Transfer Products

The project team planned the market connections effort work to result in a number of information products, described in this section. All were designed to overcome market barriers, to influence market participants, to use a variety of information dissemination channels, and to produce the desired market effects. The planned products were

· Fact sheets
· Guidelines
· Journal articles/technical papers

· Presentations
· Training materials/training sessions

· Walk-through tours

· Word-of-mouth contacts

Fact Sheets
The fact sheets were designed to overcome resistance to change and to assuage some natural aversion to risk when working with new technologies. To this end, the fact sheets included the following information:

· The situation (describing the problem and the current technology being used)
· The new technology (describing what it looks like, how it works, and how it differs from current practice; accompanied by a schematic or photo of the equipment) 
· Advantages and opportunities (clearly outlining the advantages of the new technology and situations where it can best be applied)
· Applications of the new technology (offering examples of effective applications with initial and operating costs clearly stated)
· Case studies (describing the sites in the study; providing a photograph of the building[s] and installation[s]; enumerating the problems overcome, benefits, and challenges/lessons learned; and presenting testimonials from the specifiers/users)
· Sources of information (furnishing authoritative references and opportunities to obtain additional information and technical assistance in implementing the new technology)
· Other issues (presenting information on ancillary issues, applicable codes and standards, related issues and approaches to handling them, health and human performance improvements, and any items not covered in the main body of the fact sheet)
The fact sheets were tailored to address the needs of different audiences. For example, demonstrated cost effectiveness is likely to be more important to funders, specifiers, and energy service companies than it would be to teachers. Teachers, on the other hand, would mostly be interested in factors that influence the teaching environment—ease of operation, safety, indoor environment (temperature control, fresh air, and good acoustics), and attractive appearance. Facilities and maintenance personnel want to see evidence of reliability as well as ease of operation, along with information on installation and maintenance requirements.
Guidelines
The Project 4 team designed guidelines on specifying, designing, operating, and maintaining DV and UVC technologies in K-12 schools. These guidelines contained
· Description of the technology, including a photo or schematic, indication of applicable space, climate, and when to consider the technology in the planning cycle 
· Applicability (configuration, climate, building type)

· Applicable codes

· Integrated design implications

· Cost effectiveness

· Advantages/disadvantages

· Design tools

· Design details

· Operation and maintenance issues

· Commissioning

· Attributes of available products

· References/additional information

Other information products to be produced as guidelines were identified: 
· Best practices guidelines citing the benefits and applications of DV and UVC systems for decision makers who control the design and construction of the next generation of California K-12 classrooms

· A model EdSpec for UVC and DV HVAC applications
· Applications guides for adapting compatible off-the-shelf equipment, explaining the limitations and required adaptations that are suitable for use by the manufacturer’s representatives and school architects and engineers

Journal Articles/ Technical Papers
Project 4 staff contacted appropriate engineering journals and trade publications to place articles explaining the benefits of DV and UVC systems. The team prepared the articles in the format required by the publications and supplied suitable revisions, illustrations, and additional information as required by the editors of each publication.
Presentations

Presentation materials that explain the benefits of DV and UVC systems were prepared for delivery at forums such as the CASH annual meeting. These presentations were designed to increase the understanding of DV and UVC systems among school officials, with the goal of including these systems in EdSpecs for new schools and major modernizations. 

The Project 4 team also developed presentation materials for specifiers for delivery to ASHRAE audiences at selected meetings that drew an audience of innovative engineers, designers, manufacturers, and users. These materials include technical information suitable for engineers, designers, manufacturers and sophisticated users.

To organize and promote training sessions for DV and UVC systems, Project 4 staff connected with utility-sponsored energy centers, working with project leads to prepare training curricula and finalize training sessions. Information from the fact sheets, application guidelines, technical papers, and journal articles is included in the training materials. The team also assisted in developing DV and UVC system training materials that can be included in future CHPS training sessions. 

Training sessions and corresponding presentation materials were developed for HVAC equipment specifiers and other key market participants. Included in these presentations are charts and associated oral descriptions/tutorials for DV and UVC design based on an understanding of thermal comfort, thermal loads, and IAQ in the context of the criteria for a high performance school and associated best practices manual guidelines. Illustrations of the test classroom installations and configurations are included in the presentation materials. Issues such as acoustics, maintenance cost and needs, space requirements, durability, control, energy efficiency, and health and performance were also addressed in these materials.
Walk-Through Tours






       
Project 4 staff assisted in arranging and conducting walk-through tours at the demonstration schools, including provisions for these tours and for on-site meetings in the site agreements. These tours were documented with photos and explanatory text suitable for posting on the program Web site.
 “Word-of-Mouth” Contacts

To get the word out to influential market participants, the Project 4 team
· Created a word-of-mouth movement by involving school opinion leaders in the process of convincing them that DV and UVC systems are beneficial
· Helped project technical staff to work closely with a superintendent or facilities person (an opinion leader), and other influential market participants (e.g., the PAC) to ensure that the project is designed to meet their needs and that the results are accepted by their peers

· Worked with manufacturers to promote awareness of the market need for developing a new line of products or adapting existing products that are suitable for DV and UVC systems applications in schools
· Encouraged—through the projects proposed as part of this program—the implementation and use of DV and UVC systems for new K-12 schools and modernizations that involve extensive renovation

Project 4 staff also attended key meetings to get the word out to HVAC and school professionals and other influential market participants. The team regularly interacted with federal and state government personnel; HVAC professionals at ASHRAE; school personnel at CHPS, CASBO, and CASH meetings; utility personnel and specifiers at CHPS training sessions at utility energy centers across the state; and a range of experts and market participant at the PAC meetings.

Tech Transfer Plan Summary

The Tech Transfer Plan relies on existing information dissemination channels and draws heavily on the experience and contacts of the PAC members, as well as Project 2 and Project 4 personnel at ASHRAE, CASH, CHPS, trade publications, and utility energy centers. The Project 4 team tabulated a list of deliverables and expected delivery dates in chronological order by key market participant and by product type. Changes to this plan were made in December 2004 to reflect changes in work scope that caused delays in completing Projects 2 and 3. 
Codes and Standards

Codes and standard issues, actions needed to address these issues, and organizations involved in setting and monitoring codes and standards were also tabulated as part of the Tech Transfer Plan. A cursory assessment identified ACCA, ARI, ASHRAE, the Energy Commission, IESNA, and the IUVA as possible bodies that would need to be influenced to achieve better recognition of DV and UVC attributes in their codes and standards. Detailed information on codes, standards, and guidelines is presented later in this report.
Program Technology Transfer (Task 4.2) 
This task was designed to execute the Tech Transfer Plan summarized in the last section by creating the deliverables needed to address and overcome market barriers and delivering these products through existing market channels. This effort ensured that the products would reach the appropriate influential market participants and that subsequent follow up would maximize the market penetration of DV and UVC technologies. Follow-up actions included responding to questions about the products and explaining how to use the technologies and the market connection products.
Fact Sheets                                                        
Fact sheets were produced for both DV and UVC to address the issues and market barriers impeding the acceptance of these technologies in California. 
For the DV fact sheet, Project 4 staff began with drafts produced by Project 2 staff for architects, engineers, and school building officials. The Project 4 team revised these drafts and added material that focused on the cost, energy savings, and previous experience with DV technology in schools. Team members made calculations to assess the variables that affect the cost effectiveness of DV technology and incorporated this information into the revised drafts. Project 4 staff prepared additional drafts, focusing on the barriers and issues of concern to the other market participants—teachers, students, and parents; facility and maintenance personnel; neighbors; school hygienists and medical staff; manufacturers and suppliers; and government personnel. In all, the team prepared eight draft fact sheets for review by program personnel. Originally, the plan was to produce separate versions of each fact sheet targeted to each of these market participants. 
For the first use of the fact sheet format (the annual CASH meeting in Sacramento on February 22, 2006
), however, the Project 4 team produced one version that included all the information needed by all the market participants. The team decided on this approach because the CASH audience is diverse, and delivering tailored versions of the fact sheets to each type of market participant within that audience seemed unnecessarily cumbersome. The CASH version of the fact sheet, then, contained information on DV system benefits; building requirements; applicability to retrofit and relocatable situations; the kinds of HVAC systems that can be used; field experiences; and cost. In addition, the fact sheet described how the technology fits in with LEED, CHPS, and Savings By Design; how the technology can increase neighborhood property values; and how to handle heating and humidity. 
Because this approach was successful at the CASH meeting and because time constraints and logistics rendered execution of the original plan (tailored fact sheets) unwieldy, Project 4 staff decided to use a “master” fact sheet to get the word out to all market participants. The tailoring was done in the cover notes and e-mails, which pointed out information in the fact sheet that was important to that particular market participant segment.
Project 4 staff took advantage of the lessons learned in preparing the DV fact sheets in developing the UVC fact sheets. The UVC fact sheets describe the technology benefits, the types of systems available, sizing and operation, safety issues, field experience, and cost, along with how UVC fits into sustainable building practice. The team made calculations to assess the variables affecting the cost effectiveness of UVC technology for coil cleaning and incorporated this information into the fact sheet. Again drawing on lessons learned during preparation of the DV fact sheets, the Project 4 team decided to compile a master fact sheet rather than individually tailored pieces. This fact sheet was rolled out at the annual CASH meeting in February 2006.
 Similar to the approach taken with the DV fact sheets, cover notes and e-mails focused the market participant on the items of particular interest to that market segment. 
Journal Articles
Material from the fact sheets was supplemented with secondary research on field experience with the DV and UVC technologies to produce articles for Engineered Systems, a magazine focused on practical applications for innovative HVAC&R mechanical systems engineers. The article in the March issue, “Ultraviolet Light for Coil Cleaning in Schools,”
 was followed by an article in the April issue, “The Right Place for Displacement.”
 As described later in this report, the Project 4 team obtained PDF versions of the articles from the magazine’s editor and distributed them to a wide audience.
Presentations and Training Sessions 
During the course of the program, Project 4 staff made technical presentations in several venues. Some of these are covered in the Project 2 report and others are described elsewhere in this report. For completeness, they are also described here. These presentations were designed to inform market participants about the program as it developed, encourage influential market participants to get involved in the program, and draw on their expertise to both shape the project results and to disseminate information about the program. The discussion that follows outlines these presentations roughly in chronological order.
Project 4 staff made several informal presentations to ASHRAE technical committees at the winter meeting in Anaheim in January 2004. These included a presentation to the mechanical subcommittee of ASHRAE 90.1, Energy Standard for Buildings Except Low-Rise Residential Buildings. A presentation on computational fluid dynamic modeling was made at the American Council for an Energy Efficient Economy (ACEEE) Summer Study Conference on Buildings held in August 2004 in Pacific Grove. Forums were held at the Nashville (June 2004) and Chicago (January 2006) meetings on issues relating to work needed to apply UVC systems in commercial buildings and on research and programs needed to better inform the HVAC community about UVC technology.
Seminars were arranged for the ASHRAE meeting in Chicago on field experience with DV and UVC technologies. A colleague on Technical Committee (TC) 5.3 (Room Air Distribution) chaired the DV session and Project 2 staff gave the presentation. The UVC session was chaired by Project 4 staff and Project 3 staff gave a 20-minute overview presentation on UVC results. UVC manufacturers also made presentations. Both sessions were well attended and discussion was lively and informative.
In early 2005, Project 4 staff sought presentation opportunities with leading organizations with channels to school officials and other market participants dealing with school facilities. Overtures were made to a number of organizations including CASBO, the CSBA, and CASH. The project team proposed conducting a session that consisted of three presentations on emerging technologies for K-12 schools in California at the annual meetings of these organizations in late 2005 or early 2006. Proposals were made to all three organizations with Charles Eley (of AEC) as the presenter of Project 2 results, Stacia Okura (of RLW Analytics) as the presenter of Project 3 results, and Mike Apte (part of the IEQ PAC) as the presenter of the results of a related project on improved wall-mounted units (which was also being funded by the Energy Commission). The proposal for the CASH conference in February 2006 was accepted and the proposed speakers gave the presentations. 
Project 2 and Project 3 staff made training presentations (on DV and UVC, respectively) at utility energy centers. Project 4 staff supplied introductory material that was integrated into the technical results. These presentations were made at the Sacramento Municipal Utility District (SMUD) in Sacramento on April 27, 2006, and at the Southern California Edison (SCE) Customer Training and Assistance Center in Irwindale on May 2, 2006. The PowerPoint charts for both presentations were appended with explanatory notes that a trainer or trainee could use in a training session or for self-study. 
The CASH DV presentation
 can be found on the program Web site. It contains 165 charts on
· The fundamental of displacement ventilation—how it works, typical applications, and its benefits
· Selecting and sizing diffusers for different applications

· Understanding cooling load calculations and corresponding system selection

· HVAC systems design requirements and control options

· Modeling procedures 

· Estimating benefits

· Working examples

The CASH presentation on UVC surface disinfection
 is also on the program Web site. It contains 54 charts on
· The opportunity for coil disinfection

· Study methodology

· UVC system attributes

· UVC system installation

· Air-conditioner efficiency impacts

· Other environmental issues

The presentations in Irwindale were a bit abbreviated compared to the Sacramento presentation because of the time restrictions of that session.
Guidelines                                                         
This section gives an overview of the products designed to overcome lack of experience with the DV and UVC technologies. These guidelines are intended to promote understanding of these technologies and to assist in their specification, design, and application. Additional DV design guidelines (covering DV benefits, design requirements, architectural issues, air supply, load calculations and system sizing, mechanical design options, estimating energy savings, case studies, costs, and codes and standards implications) were developed under Project 2 and can be found on the program Web site at http://www.archenergy.com/ieq-k12. 
CHPS Best Practices Manuals                                  
CHPS has developed a series of best practices manuals for planning (Volume I) and design guidelines (Volume II), as well as four other volumes on criteria, maintenance and operations, commissioning, and relocatable schools. Volume I addresses the needs of school districts, including all those involved in designing, operating, and using school facilities. It describes why high performance schools are important, what components are involved in their design, and how to effectively manage the design and construction process. Volume II contains design guidelines for architects and engineers who will be responsible for designing high performance schools, tailored for California climates and organized by design discipline. The latest version of Volume II
 contained a section on DV but nothing on UVC for coil cleaning. The results of the primary and secondary research conducted in Projects 2, 3, and 4 of this IEQ Program were used to update the DV guideline and to create a new guideline for UVC, both of which will be used as draft starting points for the next version of Volume II. The revised draft guideline for DV
 contains updated information on applicability, codes and standards, cost effectiveness, advantages, disadvantages, design tools, design details, air-distribution requirements, and references. The new draft guideline for UVC
 contains information on variations and options, applicability, applicable codes, integrated design implications, cost effectiveness, attributes, benefits, disadvantages, design tools and information, operation and maintenance issues, and commissioning, along with recommendations and references. The Project 4 staff has transmitted these draft guidelines to CHPS personnel. 
Educational Specification Models                              
These models, referred to as EdSpecs, are used as guidelines for the siting and construction of school facilities that offer comfortable, healthy, productive learning environments. A brief review of EdSpecs in several states as well as EdSpecs for the two districts (Dry Creek Joint Elementary School District and Capistrano Unified School District) in California that hosted the testing of DV systems in Project 2 revealed a wide range of detail in terms of acknowledging the need for good space conditioning, describing the desired attributes of a good space-conditioning system, and suggesting or specifying practices or options to be considered or followed. The project team prepared model EdSpecs for UVC
 and for DV,
 which were subsequently reviewed by Tom Rayburn of Capistrano Unified School District. Each model EdSpec gives a number of examples, in order of increasing detail to address the spectrum of EdSpec needs for a district that is considering or has decided to utilize UVC lights for coil cleaning or DV for enhanced IAQ and energy use. For example, for the DV model EdSpec, the examples range from a simple statement of facility objectives, to building HVAC needs, through suggestions for HVAC options to be considered in the facility planning, to the most detailed specifications. The detailed specifications consist of an overview of facility requirements, acoustic requirements, HVAC system requirements, and climate-related issues. For the UVC system, the most detailed specifications cover climate, environmental, maintenance, and operational issues, along with HVAC/UVC system requirements and safety issues.
 Applications Guidelines                                       
Project 4 staff developed guidelines to help school facility decision makers and equipment specifiers assess whether DV and UVC technologies could meet their needs and give them information with which to select appropriate system configurations and components. The information should also help manufacturers see how their product offerings might be expanded to meet the expected increasing demand for these emerging technologies. Separate guidelines were developed for each technology. 

The application guidelines for off-the-shelf DV equipment
 begin with a primer that introduces the concept. An overview leads to a discussion of benefits and application considerations that shows each market participant when to consider DV. Applications issues deal with facility and acoustics requirements, climate-related issues and approaches, IAQ, and other issues. Design requirements for the HVAC system, the control system, and the diffuser, along with optional HVAC system features, are presented. A discussion of equipment information includes mechanical systems options; central, chiller-based systems; packaged, direct-expansion, multizone, variable-volume systems; and packaged, direct-expansion, single-zone systems. Product offerings for each type of mechanical system are identified with links to the ARI Web site’s Directory of Certified Product Performance,
 which lists product and manufacturer information. Information is also presented on control strategy options for varying supply airflow and supply air temperature to maintain comfortable occupant conditions. Diffuser options are discussed, with information given on diffuser operation, acoustic issues, common diffuser shapes, and placement suggestions. Finally, major diffuser manufacturers are identified. 
The applications guideline for off-the-shelf UVC technologies for coil cleaning in schools
 also begins with a primer, which leads to a discussion of benefits and application considerations. The applications information includes discussions of climate, environmental, facility, and HVAC system issues that influence the selection, design, and implementation of UVC systems. Equipment selection information discusses where to place the lamps in the air-handling unit and what items to consider in interviewing UVC manufacturers and selecting a UVC system that meets the particular project’s needs. A compilation of major manufacturers of UVC systems for coil cleaning includes Web site links for each of the 19 manufacturers listed. UVC lamp manufacturers are listed along with a discussion of lamp types, sizes, and efficiencies. UVC ballast manufacturers are also identified, along with a checklist of important information to review when selecting ballast for a UVC system. 
Walk-Through Tours                                               
The PAC took walk-through tours of the DV demonstration classroom test sites after the October 12, 2004, PAC meeting in Sacramento and the November 29, 2005, PAC meeting in Orange County. 

The 2004 tour of Coyote Ridge Elementary School in the Dry Creek School District in Roseville was held in the afternoon after a detailed presentation describing the site and equipment and preliminary test results at the Energy Commission in the morning. The walk-through tour documentation
 describes the demonstration project, including system control points, monitoring points and objectives, and observations. Photos of the equipment, the classroom, and the visitors to the site are also included.
The 2005 tour of Kinoshita Elementary School in the Capistrano Unified School District in San Juan Capistrano was held in the afternoon after the PAC meeting in Newport Beach in the morning. Project 2 personnel gave a detailed presentation in the school library describing the site, the equipment, and preliminary test results. The walk-through tour documentation
 describes the demonstration project, including system sizing and specifications, monitoring points and objectives, and preliminary results. Photos of the equipment, the classroom, and the visitors to the site are also included.
Market Connections/Outreach                                         
The following subsections review the efforts taken to connect the technology transfer products to the market. One focus of the effort was involvement with the activities of ASHRAE. Project 4 staff helped to organize ASHRAE forums that encouraged discussion of the attributes of DV and UVC and the issues surrounding their use. Efforts were also fruitful in getting approval for ASHRAE seminars and presentations that afforded opportunities for dissemination of program results. Project 4 staff also made “word-of-mouth” connections with influential market participants and experts. These individuals supplied information that helped shape the DV and UVC efforts and were subsequently receptive to receiving program results. 
ASHRAE Connections                                             
ASHRAE represents the technical and business interests of influential specifiers, researchers, users, and manufacturers in overseeing applicable standards for the industry; conducts research to improve HVAC technology; and provides meeting venues to present information and exchange views on emerging technologies. 
Anaheim ASHRAE Meeting, January 2004 

Members of the Project 4 team made connections with at this meeting by attending and participating in selected technical sessions and committee meetings and visiting relevant exhibits in the exposition area. 
Technical sessions of interest included “UVC Light Efficacy on Biological Particles: Does it Work?”, which included two presentations on UVC bioaerosol deactivation in ducts; one on HVAC, IAQ, and UVC source control; and one on UVC modeling. 
TCs of interest were
· TC 2.3, Gaseous Air Contaminants

· TC 2.4, Particulate Air Contaminants

· TC 5.3, Room Air Distribution

· TC 5.12, Ventilation Requirements and Infiltration

Project 4 staff attended standards, research, and program subcommittee meetings and main meetings for these committees with the objective of understanding how the objectives of TCs 2.3 and 2.4 might influence the understanding and acceptance of UVC technology and how the objectives of TCs 5.3 and 5.12 might influence the understanding and acceptance of DV technology. Items of interest were how ASHRAE codes and standards might affect UVC and DV technologies and the role of these TCs in these codes and standards; ongoing or proposed research that might reinforce or provide a foundation for program results; and the opportunity to utilize the program subcommittees to gather information for the program and to disseminate program results.

During this meeting, it became clear that the experience of ASHRAE members and other program participants could be brought to bear on issues surrounding UVC specification, application, and maintenance in commercial building installations. As a result, Project 4 staff members suggested to the TC 2.3 and TC2.4 program subcommittees that the June 2004 ASHRAE meeting include a forum on the work necessary for properly applying UVC lamps. This proposed forum received a high priority from the members of TC 2.3. After the meeting, the Project 4 team prepared a proposal abstract and submitted it to the ASHRAE Program committee. The forum (Forum 17, described in the next section) was subsequently accepted for the Nashville meeting.

Touring of the exposition area in between technical sessions and TC meetings permitted discussions with many UVC system and lamp manufacturers including Environmental Dynamics Group, Fresh-Aire, Light Sources, StrionAir, SterilAire, Ultravation, and UVC Germ Blaster.

Nashville ASHRAE Meeting, June 2004 

At this meeting, Project 4 staff continued to make connections with the TCs of interest (2.3, 2.4, 5.3, and 5.12). In addition, the project team attended Forum 17 (“What Work Needs to be Done to Properly Apply UVC Lamps”), which was held on June 29, 2004, and generated a great deal of discussion. During this forum, participants explored questions such as
· Why buy and install UVC systems?
· Given that UVC technology appears to be promising and gaining acceptance, what should be done to ensure its proper application and, as a result, achieve increasing market penetration and benefits?

· Do UVC systems result in cleaner coils, reduced coil pressure drop, improved coil heat transfer, or reduced airborne microorganisms?

· Can IAQ benefits be expected in addition to energy benefits when using UVC lamps designed for a coil/drain pan location?
· Is there a need for UVC system performance verification?
· Is there a need for standards for properly specifying and maintaining UVC systems, and if so, should ASHRAE be involved in promulgating and maintaining these standards?

· Are changes needed to any existing standards to accommodate the effective use of UVC systems?

· Should designers take into account performance degradation with time when specifying new equipment?

· How is performance degradation handled in ASHRAE standards? Is there a maintenance standard dealing with this and, if not, is one needed?

The participants also discussed the deactivation of airborne microorganisms, which can be predicted based on the intensity of the UVC lights and the residence time of the airborne particles in the vicinity of the lamp. One of the participants indicated that the accepted data used for these calculations was based on work done by Westinghouse many years ago (the relevant information is cited in the Westinghouse 1974 Lighting Handbook). The higher the lamp UVC output, the greater the kill rate. Viruses can be killed more easily than bacteria and bacteria more easily than spores/fungi. Moisture/humidity in the air can coat the microorganisms making them more difficult to kill. Cold air from the coil can also degrade UVC lamp performance from optimal performance at 77(F.

There was also quite a bit of discussion that ensued based on the assertion by a major HVAC equipment manufacturer that if coils were well maintained (as most often is the case according to the participant) then their pressure drop and heat transfer characteristics would not degrade with time. As a result UVC lamps would not be needed.

Several people had comments addressing the need for ASHRAE to provide guidelines and oversight on UVC lamps to enhance the sizing, design, maintenance and operation of these systems. These guidelines and oversight are needed to rate and size UVC lamps, and to establish recommended UVC system maintenance and replacement procedures.

A question was raised on whether airborne contaminants were increased in the process of killing microorganisms in the coil/drain pan area? i.e. would the dead or disabled microorganisms be entrained in the air stream? No response was given. 

Other topics that came up during the forum follow:

· How to obtain “credit” for restoring a dirty coil to its clean, as-installed condition

· Use of UVC in disinfection of airborne microorganisms when placed in coil/drain pan locations

· A proposed research project that would determine when coils become contaminated with mold and other microorganisms

The participants in this forum concluded that limited published data exists on the performance of the technology. Most of what is available is anecdotal. More field data is needed to prove that the technology works as claimed by its proponents. ASHRAE research is needed to authoritatively determine the energy benefits of UVC lamps.

Forum 8, “What Do You Need to Know About Designing and Operating Stratified Air Distribution Systems?” was moderated by Fred Bauman of Lawrence Berkeley National Laboratory (LBNL) and yielded some interesting information about DV.
For example, design engineers need a practical method to estimate cooling airflow quantities for under-floor air distribution (UFAD) and DV systems that accounts for the difference between these systems and conventional overhead mixing systems. Development of this tool may require further research to characterize the convective/radiative split for a wider range of heat sources found in buildings. Different loads can produce different room air stratification profiles, thereby influencing cooling airflow quantities. This tool also needs to account for thermal comfort considerations and energy use simulations.

Laboratory study of human response to stratification is needed for a range of operating conditions for UFAD and DV systems. A human subject study is needed to determine the thermal comfort implications in stratified environments. This study could also investigate the influence of personal control (including having a nearby floor diffuser) for UFAD systems.

There is a strong need for the development of a whole-building energy simulation program (such as EnergyPlus, DOE-2) that effectively models buildings using stratified air distribution systems. More energy performance data is needed from completed projects to demonstrate potential energy savings of UFAD and DV systems. The recent release of EnergyPlus, which includes a simplified DV model, should be validated with performance data from a real system. Data from some completed projects has not shown energy savings, but most of these projects have had problems in design and/or operation.

Some participants expressed concern about latent load removal in UFAD and DV systems that use a higher supply air temperature. Because there are several approaches available to deal with latent loads in these systems it was suggested that a document be developed to describe more clearly these different methods for latent load removal.

Project 4 staff gave a presentation on DV and UVC was given to the ASHRAE 90.1 Mechanical Subcommittee. The presentation covered the following issues:

· Changes needed to account for the attributes of DV and UVC in ASHRAE 90.1
· Differences between mixed ventilation and displacement ventilation that need to be properly handled: 
· Supply air temperature
· Supply air velocity and flow rate
· Stratification and thermal zoning
· Economizer operation

There are no comprehensive standards or guidelines for UVC systems sizing, design, field performance, lamp replacement, maintenance and safety. Existing standards do not account for systems efficiency improvements resulting from cleaning.
Energy use estimating procedures need to be provided that account for the differences between displacement ventilation and mixed ventilation systems.

Methods need to be developed that reflect the improvements resulting from returning a system to a cleaner condition.
There were quite a few questions and comments. The members had not thought that higher supply air temperatures than “normal” were an issue. In order to get credit for DV an approved calculation method will be needed. The members of the subcommittee suggested that the Project 4 staff talk to members of the Energy Cost Budget (ECB) Method Subcommittee for this purpose. A few people mentioned EnergyPlus as an option and Bing Liu of Pacific Northwest National Laboratory (PNNL) took an action item to disseminate some information on the program capabilities. Dru Crawley of the U.S. Department of Energy (DOE) is the manager for EnergyPlus. Action items identified included contacting Jerry White, the Standard 90.1 chairperson, to get the ECB subcommittee chairperson contact information and contacting Bing Liu of PNNL and Dru Crawley of DOE regarding EnergyPlus modeling issues.

Project 4 staff attended the meetings of TCs 2.3, 2.4, and 5.3. At the TC 2.4 Program Subcommittee meeting, a report on Forum 17 was given, and Project 4 staff recommended that a seminar be held in Denver in June 2005 on how to apply UVC lights including documented field performance. Project 4 staff attended portions of the overlapping TC2.3 and TC5.3 main meetings participating in the discussion to support the research and programs related to the CEC IEQ project, dealing with a future program on how or apply UVC lights in TC 2.3 and TC2.4 as recommended by the participants in Forum 17. Discussions in TC5.3 centered around two research projects on stratified air distribution discussed in the research subcommittee meeting and a possible future program on lessons learned in design, installation and operation of stratified air distribution systems (focusing on displacement ventilation).

TC 5.3 Room Air Distribution, Research and Program Subcommittee Meetings were attended. In the Research Subcommittee meeting several potential research projects were discussed, reviewing Research Topic Acceptance Requests (RTARs) for the candidate projects. Project 4 staff supported two projects related to our Program: One on Thermal Comfort with Stratified Air Distribution Systems, drafted by Andrey Livchak and one on Air-Change Effectiveness with Stratified Air Distribution Systems, drafted by Ken Loudermilk. 

In the Program Subcommittee Project 4 staff recommended that a program be run in Denver (June 2005) to present Lessons Learned in the Design, Startup and Operation of Stratified Air Distribution Systems. (Project 4 staff also participated in the Main TC 5.3 meeting on Tuesday afternoon.)

TC 5.12 Ventilation and Infiltration meetings were attended by Project 4 staff with participation in the Program Subcommittee on Sunday evening and the Research Subcommittee and Main Meetings on Monday afternoon. At the Program Subcommittee meeting Project 4 staff brought up the point that some ASHRAE standards such as 129 have limited use in practice and in ASHRAE codes. Following up on this observation a possible Forum was formulated for Orlando (February 2005) on Should Standards 119, 136 and 129 be Adopted into Codes? (An abstract of the forum was prepared, submitted to the ASHRAE Program Committee and subsequently accepted for the Denver meeting.) At the Research Subcommittee meeting mention was made that the new research project Indoor Environmental Effects on the Performance of School Work by Children had finally gotten started. The project, being conducted by David Wyon of the Danish Technical University is looking at the influence of cooling, air filtration and other measures on 10-year-old children.

Denver ASHRAE Meeting, June 2005 

Efforts continued in connecting with the members of TCs 2.3, 2.4, 5.3, and TC 5.12. At the request of TC 5.12, Project 4 staff conducted a forum on “Should Standards 119, 136 and 129 be Adopted into Codes?” This forum addressed how these standards are being used and whether they need to be improved and if they should be included in building/ventilation codes. Standard 129 Measuring Air Change Effectiveness has applicability to commercial buildings and is therefore of interest to the CEC IEQ Program. The consensus of the experts attending the forum is that Standard 129 is a research tool with limited use and applicability in field situations. As such it should be removed as reference in LEED. Standard 62.1 also references Standard 129, perhaps inappropriately. Participants agreed that the forum provided them with the information that they needed, including moving ahead with Standard 62.1.
A new committee—Task Group (TG) 2, UVAS (Ultraviolet Air and Surface Treatment)—was formed and held its first meeting during the larger conference. TG 2 research and program subcommittee meetings were held first and a discussion was held of work performed by Project 4 staff in preparing seminars on UVC applications for the upcoming ASHRAE winter meeting in Chicago. The new committee was anxious to be a sponsor and receive recognition for the seminars. 
After some discussions with other experienced ASHRAE members (see TC5.3 discussion that follows), the project team decided to submit only one seminar session, including only presentations that contained documented field test performance data. This would make the seminar logically follow from the forum that was run in Nashville where the participants indicated that a lot of anecdotal information was available but documented field performance was needed. We discussed other programs and also decided to put forward a forum for Chicago entitled “Issues Related to UV Application in the HVAC Community.” Subsequent to the meeting, Project 4 staff prepared and submitted an electronic proposal submittal for the seminar “Issues Related to UV Application in the HVAC Community” which was approved for the Chicago meeting. 

Project 4 staff attended the TC 5.3 Room Air Distribution research subcommittee and program subcommittees supported the program on displacement ventilation test results that will contain presentations on use of displacement ventilation in schools (from our Program), hospitals and large atria. Mike Filler of York is organizing the session. The message about programs was that it was unlikely that a TC would be able to get more than one program slot for Chicago.

The TC 2.3 Gaseous Air Contaminants and 2.4 Particulate Air Contaminants Program Subcommittee Meetings were run jointly. First the TC2.4 program agenda options were presented and prioritized. Project 4 staff added a seminar proposal consisting of presentations on UVC field tests. The session was entitled “Field Test Results with UVC Systems”. This seminar received a # 2 priority from TC2.4. The TC2.3 agenda was then presented with Chairperson Dean Tompkins supporting this seminar. The session “Field Test Results with UVC Systems” received a #1 priority from TC2.3.
Dean Tompkins presented the results of the TC2.3 program subcommittee prioritization at the TC 2.3 Gaseous Air Contaminants Main Meeting, including the seminar “Field Test Results with UVC Systems” as the # 1 priority, which was approved by the TC members. Subsequent to the meeting Project 4 staff prepared and submitted an electronic proposal submittal for the seminar “Field Test Results with UVC Systems” which was approved for the Chicago meeting. 

In the TC 5.3 Room Air Distribution Main Meeting Andrey Livchak presented the results of the program subcommittee meeting and prioritization that included the displacement ventilation seminar as the # 1 priority.

Chicago ASHRAE Meeting, January 2006 

Connections continued to be made and reinforced with influential specifiers, researchers, users and manufacturers at the ASHRAE winter meeting in Chicago, January 21–25, 2006 by attending and participating in selected technical sessions and committee meetings and visiting relevant exhibits in the exposition area. 

Project 4 staff chaired a session on “Field Test Results for UVC Systems,” that included a presentation by Project 3 staff on the CEC IEQ Program results entitled “UVC Lamps for Coil Cleaning in California Classrooms,” as well as presentations by two UVC system manufacturers. The attendance at the session was good, with ample time for lively discussion, but the manufacturers’ presentations were largely anecdotal in nature. 
Project 4 staff also moderated a forum on “Issues Related to UV Applications in the HVAC Community.” This discussion in this well attended session was stimulated by a brief presentation by the moderator that outlined a few key points: 
· Establishment of TG2.UVAS provides a group that can be responsive to the needs and concerns of the HVAC community regarding UVC technology for air, surface, and water disinfection

· Design

· Performance

· Safety

· Maintenance

· Cost effectiveness

Key questions included:

· What are the needs of the HVAC community regarding UV technologies?

· What are future research needs?

· How should UVC activities be coordinated with other ASHRAE TCs and Standards Committees?

Some of the items brought up by the audience in response to this framework were as follows. Commissioning of UV systems is needed. UV does not kill microorganisms; it deactivates them by disabling their ability to reproduce. Safety standards are needed, in part to eliminate misapplication of safety interlock devices. Guidelines and standards are needed for design and application of UVC systems. Third party documentation of field performance is needed to provide credible information for specifiers.
A third session, “Applying Displacement Ventilation to Various Commercial Building Types,” sponsored by TC5.3, contained several presentations on field performance of displacement ventilation systems, including one by Project 2 staff entitled, “Evaluation of Displacement Ventilation in an Elementary School Classroom.” Other presentations were concerned with DV applications in a casino in Vancouver, an office atrium hotel in Philadelphia and a school in Kansas. Once again the presentations were well attended and the discussion continued until the time allotted for the session had elapsed.
Efforts continued in connecting with the TCs of interest including: TG2.UVAS Ultraviolet Air and Surface treatment, TC 2.3 Gaseous Air Contaminants, TC 2.4 Particulate Air Contaminants, and TC 5.3 Room Air Distribution. Project 4 staff attended and participated in the program and research subcommittees and main meetings for these TCs. Attendance at TC 7.3 (Operations and Maintenance Management) program/research subcommittee meetings was useful in making a few connections and planting some seeds for the need for considering HVAC system degradation in building codes and standards. One of the other outcomes of participation in these subcommittee and committee meetings was the opportunity to propose a forum for the Quebec ASHRAE meeting on “Selecting the Best Ultraviolet Lighting System for the Application.” This forum was subsequently approved and will be moderated by Project 4 staff in Quebec.

A tour of the exhibit area at the McCormick Place exposition center permitted review of exhibits by selected UVC system and lamp manufacturers, displacement ventilation diffuser manufacturers, and trade journals such as Engineered Systems magazine.

Quebec ASHRAE Meeting, June 2006 

Connections will continue to be made and reinforced with influential specifiers, researchers, users and manufacturers at the ASHRAE winter meeting in Quebec, June 23 to 27, 2006 by attending and participating in selected technical sessions, technical committee and standards committee meetings. The project team plans to attend program and research subcommittee and main meeting sessions of the relevant TGs and TCs of interest including TG 2, TC 2.3, TC 2.4, TC 5.3, and TC7.3 Operation and Maintenance Management. Program results will be disseminated at these meetings and information will be obtained that will be useful for further efforts on DV and UVC should they materialize. 
Presentations of Program results are planned for the ASHRAE 90.1, Energy Standard for Buildings Except Low-Rise Residential Buildings mechanical subcommittees and ECB subcommittee meetings and the SPC 180 P, Standard Practice for Inspection and Maintenance of Commercial Building HVAC Systems” meeting to explain their relevance in affecting the application of DV and UVC technologies and outlining provisions that consequently need to be addressed.
A seminar on “Thermal Comfort: Displacement vs. Underfloor Air,” contains a presentation on “Displacement CFD Analysis,” by a major diffuser manufacturer who is a subcontractor on Project 2.
A forum on “Selecting the Best Ultraviolet Lighting System for the Application,” will be moderated by Project 4 staff. To stimulate the discussion, a few charts that outline a few key points will be presented: 
· Upper-room disinfection

· In-duct cleaning

· Coil and surface cleaning

In addition, the following key questions will be posed: 

· What are the advantages and disadvantages of the main types of UVC systems?

· How should they be applied in the field?

· What are the issues to be considered in their application, installation and operation?

Communications                                                 
In addition to the ASHRAE meetings, the Project 4 staff made contacts at the PAC meetings, the Project 2 Design Charette, and other industry meetings. These contacts resulted in a resource that the project team used to obtain technical information, discuss issues of concern with the DV and UVC technologies and market connections, and provide channels for information dissemination.

Telephone conversations and E-mails                                
The following sections describe the many telephone conversations and e-mails between Project 4 staff and industry experts. As the project team member worked to develop the Tech Transfer Plan and the Code Action Plan and gather general information on necessary market connection activities, they conducted numerous telephone conversations with individuals involved in maintaining information channels to influential market participants and with code and guideline setting bodies. These connections helped to ascertain the issues involved in handling DV and UVC technologies in codes and guidelines, and the results of these contacts were incorporated into the Tech Transfer Plan and the Code Action Plan.

The topic of discussion is included in parentheses if appropriate.

· Brian​ Alcorn, Energy Commission (Title 24 issues)
· Elliott Boardman, AESP (connections to understand ESCO activities with schools)
· Bruce Ceniceros, Energy Commission (Title 24 issues)
· Joe Eto, LBNL (market barriers)
· William Fisk, LBNL (IAQ)
· Sara Greenwood, CHPS

· Michelle Bowers Hess, Construction Management Association of America (CMAA)
· Glenn Hourahan, ACCA

· Mary Berger Hughes, NAESCO

· Janith Johnson, SCE and Savings By Design

· Jeff Johnson, New Buildings Institute (Title 24 issues)
· Wayne Kemp, National Clearinghouse for Educational Facilities, National Institute for Building Sciences 
· Bob Knight, BKI Associates (market connections)
· Jon Leber, Energy Commission (Title 24 issues)
· Robert Marcial, Pacific Energy Center (Title 24 presentation)
· Mark Menzer, ARI
· Abhijeet Pande, Heschong-Mahone (Title 24 issues)
· Bob Payn, Whole Building Design Guide Site Manager

· Doug Reindl, University of Wisconsin (UVC and DV technologies)
· Shelly Rosenblum, EPA

· Steve Selkowitz, LBNL, LEED 

· Jennifer Thorne, ACEEE

· Les Tumidaj, independent consultant (market acceptance of new technologies in schools)
· Jennifer Uschold, International Facilities Management Association (IFMA)

· David Wyon, Technical University of Denmark (ASHRAE research on IEQ and productivity in classrooms)
· Dara Zycherman, LEED (issues related to LEED 2.2)
A number of telephone calls and e-mails dealt with DV systems and UV lamps for coil cleaning. For example, Charles Eley offered a basic understanding of the infrastructure involved in facility construction and remodeling decisions in California K-12 schools. This was of great help in understanding the market participants, and their roles in preparing the Tech Transfer Plan. Eley was also helpful in understanding codes and standards issues that affect DV, particularly with regard to Title 24 modeling, ASHRAE 90.1 issues, ASHRAE 62 ventilation effectiveness, and numerous other questions. 
Telephone conversations with Andrey Livchak of Halton Company, a leading displacement diffuser manufacturer, furnished some insight into the design and sizing of DV systems. Leon Glicksman of the Massachusetts Institute of Technology (MIT) shared information on DV system design. Fred Bauman of LBNL offered his perspectives on thermal comfort issues with UFAD and DV systems. Brian Rock of the University of Kansas provided guidance on ASHRAE TC issues. Phone calls with Jim Megerson, an experienced DV designer with Larson Binkley, yielded information on ventilation effectiveness with DV, ASHRAE 90 and Title 24 compliance, LEED issues, and commissioning and comfort requirements. Steven Taylor of Steven Taylor Associates supplied information on ASHRAE 90.1 and Title 24 modeling issues with DV and the problems with the relative inflexibility of Title 24 (and, to a much lesser extent, with ASHRAE 90.1). Commissioning and the need to focus on controls were also discussed. The benefits of DV accrue from stratification caused in large part by occupancy, so commissioning will be difficult because it is usually done before the building is occupied. 
Project 4 personnel maintained close communications with Project 2 personnel throughout the market barriers effort. Suggestions came from Project 2 staff as to who might be interviewed, how the questionnaire should be constructed, and how reviewers should make comments and recommendations on the interview summaries and the market barrier report.
The project staff members spoke with several experts in building modeling to assess the status of modeling of DV room air stratification. These included Dru Crawley (DOE), Marlin Addison, and Erik Ring. Addison referenced several of his own papers, along with papers written by Jeff Hirsch. These papers contained additional information that was included in the Code Action Plan for DV.
For the DV fact sheets, Project 4 staff made connections with engineers who had specified DV in schools and with some of the school facility personnel who were involved in these projects. The engineers contacted and the associated projects/schools are

· Dean Habhegger, Johnson Controls, Elk River School District, Minnesota
· Jeff Hilbert, Halton Company, California schools and other buildings

· Dale Holland, Dunham Associates, Elk River School District

· Pete Keithly, Keithly Barber, theater system

· Kris Leaf, The Weidt Group, Elk River School District
· Jim Megerson, Larson Binkley, Blue Valley School District, Kansas
· Michael Sherber, schools in Howell Township, New Jersey

· William Turner, H.L. Turner Group, schools in New Hampshire

Follow up with school personnel yielded some valuable user perspectives on DV technology. The principal school connections were with Monte Soukup concerning the Overland Trail Middle School of Blue Valley School District in Overland Park, Kansas; Ron Bratlie with Rogers High School and Westwood Elementary School in Elk River, Minnesota; and with Tom Rayburn and Joe Dixon of Capistrano Unified School District in San Juan Capistrano, California.
Early in the program Project 3 and Project 4 staff held discussions about manufacturers of UVC lighting systems and the characteristics of those systems. A manufacturer questionnaire was constructed that sought information on product specifications, purchase decision issues, market barriers and obstacles, alternative technologies, market penetration, and operations and maintenance of UVC systems. To complete the questionnaires, Project 2 personnel talked with selected manufacturers on the telephone. Project 4 staff also made selected calls. 
Telephone calls to James Bolton of IUVA revealed that his organization was developing the standards and guidelines that seemed to be needed to verify the design, specification, and operation of UVC lamps. He offered the opportunity for Project 4 staff to join the committee that was drafting these guidelines once they were members of IUVA. Subsequent to this call, Project 4 staff joined IUVA and backordered an issue of the IUVA News that contained information on UV for air treatment including a directory of manufacturers. After a telephone conversation with Wladyslaw Kowalski, the driving force behind the UVC standards and guidelines, he transmitted a copy of the draft documents. Subsequent conversations with Larry Ayers of Eley Associates, a long-term member of the IESNA, gave insights into UVC safety and other issues addressed in IESNA handbooks. Other conversations were held with
· Charley Dunn and Chuck Dunn of Lumalier about lamp sizing, placement, life, and maintenance

· Stuart Engel of Sanuvox about lamp sizing, configuration and placement, and maintenance 
· Dan Jones of Ultraviolet Devices, Inc. (UVDI) about the use of high-intensity and normal-intensity lamps and a sophisticated sizing approach that they used based on a software program developed for them by Wladyslaw Kowalski
· Bob Scheir of SterilAire about UVC system costs

· Richard Vincent of St. Vincent’s Hospital about the sensitivity of UVC effectiveness with heat and humidity (above 75% relative humidity [RH] the lamps become less effective)
Conversations were also held with Vijay Gupta, Office of the Chief Architect, GSA, and Bruce Henschel and Marc Menetrez of EPA to try and ascertain the documentation for mandating the inclusion of UVC for coil and drain cleaning in GSA standards. 

Meetings                                                          
Project 4 staff gave a presentation on market issues to Carrier personnel at a meeting at the Energy Commission on August 13, 2004. The meeting was designed to give Carrier an overview of PIER work that might be of interest to the company, with a specific focus on DV. After briefly reviewing the objectives and work that was being performed to overcome market barriers for the new DV technology in schools, the presentation identified influential market participants, outlined market barriers and issues, and suggested approaches to overcome them. An overview of appropriate technology transfer materials, information dissemination channels, and a plan for delivering these materials through these channels was also presented. Estimates were given of 60 million square feet per year of new school construction and modernization, corresponding to 150,000 tons of air conditioning per year.
The project team prepared and delivered a presentation on Title 24 issues to Bill Pennington and other Energy Commission personnel. The presentation was accompanied by a detailed e-mail message and transmitted in the fall of 2004. The presentation dealt with the benefits of UVC, limitations of Title 24 in assuming system performance persists in the as-built condition, and actions needed to address field degradation with consideration of issues such as inspection, commissioning, retrocommissioning, and performance measurement. DV benefits were outlined and the need for handling the differences in mixed ventilation and DV was described, along with modeling suggestions needed to best facilitate these changes. An informal discussion of the material in this presentation was conducted with cognizant Energy Commission staff in between sessions of a kickoff meeting on another Energy Commission project. Although a formal presentation could not be arranged, the main points of the presentation were conveyed and subsequent actions by Energy Commission staff seemed to indicate that the message was received. 

Product Delivery                                                  
The information products developed in response to the Tech Transfer Plan were delivered to key market participants using existing information dissemination channels. At the time of the drafting of this final report, all presentations had been delivered to the audiences for which they were tailored. The journal articles and fact sheets had been delivered. The Code Action Plan white papers/brochures, best practices manuals guidelines for CHPS, CHPS training materials, EdSpecs models, and application guidelines are being delivered as this report is being prepared (see Table 7).
Table 7: Delivery of Task 4.2 Technology Transfer Products and Task 4.3 Code Action Plan White Papers/Brochures
	Product
	Delivery Mechanisms

	Fact sheets and journal articles
	Transmittal with tailored cover letters/e-mails through the information channels shown in the Tech Transfer Plan

	Code Action Plan white papers/brochures 
	Transmittal with tailored cover letters/e-mails to the organizations identified in the Code Action Plan and present information to ASHRAE 90.1 Committees 

	Best practices manuals guidelines for CHPS 
	Delivery of the draft DV and UVC guidelines to CHPS for starting points for their next version of the Best Practices Manual, Volume II, Design

	CHPS training materials 
	Delivery to CHPS for use in future training sessions

	EdSpecs models
	Transmittal with tailored cover letters/e-mails to school officials through the information channels shown in the Tech Transfer Plan

	Application guidelines
	Transmittal with tailored cover letters/e-mails to school officials, specifiers, and manufacturers through the information channels shown in the Tech Transfer Plan


Many of the experts who provided information to help shape the effort were, in turn, eager recipients of the project results.
Indoor Air Quality Codes Assessments (Task 4.3)
The Project 4 team identified codes and standard issues that might impede the specification and installation of DV and UVC systems and outlined actions needed to address these issues in the final Code Action Plan.
 Codes- and standards-setting bodies and related organizations that have provisions affecting the design, deployment, and operation of these systems were reviewed briefly. Project 4 staff explored whether these requirements properly account for the attributes of DV and UVC and if not, what changes might be needed.

The main codes and standards issues with DV revolve around the differences between conventional mixed-ventilation systems and stratified DV systems, in terms of room airflow patterns, sizing, room air temperature distribution, ventilation effectiveness, handling of thermal loads and indoor pollutants, supply-air quantity and temperature, control strategies, and economizer operation. Existing standards need to be modified to ensure that DV is handled fairly. Principally, these standards are the Energy Code provisions (Part 6) of the State of California Building Code (Title 24) and ASHRAE 90.1 standards. Other corollary programs—which are based on the California Energy Code (Title 24, Part 6) and on ASHRAE standards—are CHPS, LEED, and Savings By Design. 

A comprehensive UVC standard is needed to make sure that acceptable practice is defined for UVC system design (sizing), installation, field performance, maintenance, lamp replacement, and safety. IUVA is leading an emerging effort with these goals. Title 24, ASHRAE, CHPS, LEED, and Savings By Design standards and programs need to be modified to ensure that efficiency improvements associated with the use of UVC lamps are incorporated. The general problem with receiving credit for UVC systems is that building codes and standards and their corollary programs assume that the coils are clean and do not account for the degradation in performance that naturally occurs as space-conditioning systems age.

Issues relating to health effects, exposure levels, government acceptance, state funding, energy benchmarking, test procedures, and installation procedures are the concern of the ACGIH, IESNA, the GSA, the EPA/Energy Star Program, ARI, ACCA, and the State Allocation Board (SAB).
The results of the Project 2 (DV) and Project 3 (UVC) efforts formed the basis for two white papers/brochures (one for DV and one for UVC) designed to influence the codes- and standards-setting bodies and their corollary certification organizations to provide more flexibility in accounting for DV and UVC system attributes. These white papers are the precursor to change proposals for the pertinent standards. To develop the white papers and proposals and to ensure their acceptance by the appropriate technical groups and standards-setting bodies, Project 4 staff conducted an outreach effort to connect with these groups and involve them in the process of developing and reviewing these documents. This work attempted to create a collaboration that involved the codes and standards stakeholders as champions of the effort.

Code Action Plan
The objectives of this plan were to (1) determine how codes and standards affect design, installation, and operation of DV and UVC systems in schools; and (2) determine what changes are needed to codes and standards to properly reflect the attributes of DV and UVC in deploying these technologies in schools.
For DV, the relevant codes currently lack provisions for handling the fundamental differences between DV and mixed ventilation. Specifically, differences in room air stratification and the corresponding modeling requirements, as well as differences in supply-air temperature, supply airflow rate, and velocity and economizer operation, need to be taken into account.

For UVC used for coil cleaning, comprehensive standards or guidelines for the sizing, performance, maintenance, and safety of these lamps used in air-handling systems are lacking. Furthermore, existing building standards and corollary programs do not address changes in performance that result from HVAC system degradation as they become dirty and as they age.
In the following subsections, codes, standards, and relevant issues for DV systems are discussed first, followed by similar discussions for UVC systems.
Codes and Standards Affecting DV
In 2004, Project 4 staff performed and then updated a comprehensive evaluation of codes- and standards-setting bodies and related organizations that have provisions in their codes and guidelines that could affect the design, deployment, and operation of DV systems. The details of that evaluation are provided in the final Code Action Plan.19 This report describes how existing standards and guidelines need to be modified to ensure fair treatment of DV systems. Recommendations made in this plan applied to the standards, guidelines, and program documents and criteria in place at the time the plan was initially developed. Since that time most of these documents and criteria have been updated. In some cases the updates reflect suggestions made in the final Code Action Plan and may have, in part, resulted from actions taken by the project team to disseminate project results, as well as the information and recommendations in that plan. This report updates the issues and recommendations in the final Code Action Plan to reflect the current state of the technology and the codes, standards, and guidelines currently in place.

As mentioned previously, the main code issues revolve around differences between conventional mixed-ventilation systems and DV distribution systems in terms of room air temperature stratification and flow patterns, handling of thermal loads, supply-air temperature and quantity, control strategies, and economizer operation. Code modifications are needed to account for these differences, principally in two areas: (1) the ability of the design case and reference case (to which the design is being compared) to differ in terms of set points and other conditions (supply-air temperature, economizer operation, airflow rate, and thermostat location and setting); and (2) the need to model stratified room air distribution. The modeling issue has been studied both with the intent of developing simplified solutions that permit heat-balance models such as DOE2 to successfully simulate DV and with the objective of developing multimode models that handle the differences between mixed systems and stratified systems (such as displacement) more directly. 

Suggested methods for “working around” the shortcomings of heat-balance models were identified where possible. These included redistributing internal and envelope heat gains, reducing the modeled volume of the conditioned space to that of the occupied zone, or establishing vertical thermal zones.
 Energy Design Resources offers step-by-step procedures for modeling DV with DOE-2.1a, EnergyPro, and eQUEST. 
 As shown in Table 8, the main recommendation in this reference is that internal loads be apportioned to the return air plenum and the occupied space. 

Table 8: Percent of the Cooling Load Entering the Conditioned Space
	Load Component
	Percent to Occupied Space
	Percent to Plenum

	People
	67%
	33%

	Lights
	50%
	50%

	Equipment
	50%
	50%


The University of California at San Diego is taking a more rigorous approach with funding from the Energy Commission’s PIER Program. The university’s solution, which has been incorporated into EnergyPlus Calculations,
 uses a multinode, multiplume model that permits vertical temperature gradients to be modeled, effectively simulating the main attributes of DV.

Codes and standards of relevance in working with DV systems are discussed in the subsections that follow.
DV and the California Energy Code

Title 24 of the California Code of Regulations is the California Building Standards Code, administered by the California Building Standards Commission. Title 24 consists of 12 “parts” with the 6th part, the California Energy Code (the “energy code”), containing energy conservation standards for all residential and nonresidential buildings throughout the state. The current version of the energy code went into effect in 2005. Changes currently being made will be incorporated into the next version of the code, which will go into effect in 2008.

The California Energy Code deals with building energy efficiency and provides several paths for code compliance. Currently, none of these paths permits appropriate consideration of the attributes of DV. Changes are needed to the nonresidential standards and to the alternative calculation methods (ACMs) to enable DV to be credited in the compliance process of Title 24, Part 6. For DV, changes are also needed to allow differences in supply-air temperature, supply airflow rate, ventilation effectiveness, and economizer operation to be modeled between the design case and reference case. Changes to the ACMs are needed to model the temperature stratification inherent in DV operation and to properly account for differences between DV and mixed-ventilation system performance. The procedure for comparing the baseline case (the reference mixed-ventilation system) and the design case (the DV system) needs to allow for modeling differences in the sizing, control strategies, supply-air temperatures, handling of cooling loads, economizer operation, and ventilation effectiveness.

Compliance with Title 24, Part 6 can be achieved in several ways. The “prescriptive approach” requires that specific criteria be met for building-envelope space conditioning, lighting, and water heating. For the space-conditioning system, these requirements include sizing to meet loads based on indoor and outdoor design conditions, ventilation requirements, occupancy profiles, and start-up safety factors. All criteria must be met to comply using this approach. Because these criteria were developed for mixed-ventilation systems, the prescriptive approach does not provide credit for the distinguishing attributes of DV (greater use of economizer operation, higher supply-air temperature, better ventilation effectiveness, thermal zoning/room-temperature stratification, and differences in sizing and controls). All these attributes combine to result in improved IEQ, enhanced occupant comfort, and better handling of internal loads.
 The “performance approach” is an alternative. With this compliance strategy, the building design case being considered is compared to a baseline building reference case. The energy use for the design case cannot exceed the energy use calculated for the reference case. The Energy Commission must approve the method of calculating energy use. ACMs have default calculations that select reference system characteristics to efficiently handle the energy needs of the subject building. Because the performance approach is grounded in principles that apply to mixed-ventilation systems, it uses conditions to analyze the design case (using DV) that apply to those systems and not necessarily to DV systems. In terms of supply-air temperature, controls, thermal zoning, room air-temperature distribution, removal of cooling loads, economizer operation, and ventilation requirements, model conditions are inflexible. In other words, the design case input and modeling parameters cannot be adjusted to differ for the design case compared to the inputs and modeling parameters used for the reference case. 

Title 24, Part 6 also provides for approval of “exceptional designs.” The applicant can receive a exceptional design building permit if the Energy Commission determines that the building cannot be adequately modeled by an ACM; that the design complies with Title 24, Part 6 using an alternative evaluation technique; and that the design complies with all other legal requirements.

If either the performance approach or the exceptional design provisions are used, it is necessary to specify an alternative evaluation technique for DV. To develop and validate this technique, work is needed to integrate the test results and modeling approaches exercised in the program. This information is provided to facilitate changes that incorporate DV into the ACM manual. While these changes are in process, DV practitioners can use the simplifications suggested in Table 8 and the accompanying text in the Tech Transfer Plan to obtain waivers for exceptional DV designs and corresponding evaluation methods. The alternative evaluation technique and associated analysis methods should be patterned after those described previously for obtaining approval for DV exceptional designs.

Eligibility criteria that need to be fulfilled to ensure that the DV systems will comply with the proposed ACM changes should include guidelines for minimum and supply-air temperature, and for maximum diffuser discharge velocity. 
Once the ACM manual changes are approved, these changes should be incorporated into the corresponding approved calculation programs
 by the corresponding vendors. 

EnergyPlus algorithms
 that use multiple nodes have recently become available as tools for analyzing DV systems. Discussions with modeling experts have indicated that these modules are not readily transferable to DOE-2.1 or DOE-2.2 and tools based on DOE2 such as EnergyPro (which is approved for use under Title 24).
 Based on this cursory assessment it may be desirable to evaluate and subsequently utilize a tool such as EnergyPlus for use as an approved ACM.

Development of the 2008 version of Title 24, Part 6 is well under way. Project 4 staff members have held discussions with key Energy Commission officials involved in the 2008 update to inform them of the ongoing PIER study work. The Code Action White Paper, developed under Project 4, has been submitted to those officials as an extension of those conversations. In addition, EnergySoft LLC conducted a study that looked at DV system attributes, including energy benefits, nonenergy benefits, and analysis tools.
 One of the nonenergy benefits cited was the ability to downsize the mechanical system when using DV. This is possible because a large part of the load is exhausted directly from the room without entering the occupied, conditioned zone. The study notes that the current reference method, DOE-2.1E (and its derivatives), is not well suited to modeling DV. Newer programs such as EnergyPlus more accurately represent the performance of DV systems. Because the process for qualifying EnergyPlus as a reference method for 2008 standards will take longer than the time permitted by the deadline set for these standards, an approach is taken to write the measure template in a more general format to encompass the current models as well as future emerging products.

The measure template proposes to include an additional option system type in the Nonresidential ACM Manual suggesting that modeling procedures developed by the PIER Program and outlined in the study, and corresponding language be included in the ACM manual to allow modeling of these systems. Different software vendors may approach the problem differently, so the template provides latitude for modeling with current and future tools.

Suggested language for the Nonresidential ACM Manual acknowledges the use of 63(–67(F supply air, delivered at low velocity along the floor. Air is exhausted to the plenum from the space near the ceiling. Heat gain to the occupied, conditioned space versus the portion transmitted directly to the plenum is to be assigned according to Table 8.

This approach, which is based on work performed for Energy Design Resources,21 would permit modeling of DV systems with approved ACM tools, namely DOE-2. Another important recommendation is allowing the ACM to model the standard design as the reference system in a new construction situation or the existing systems at it occurs in a renovation situation.
DV and ASHRAE Standards
As described in the final Code Action Plan, ASHRAE standards 55 and 62 have provisions relating to the thermal environment, IAQ, and ventilation rates that could affect DV systems. Because DV systems can already meet all the provisions of these standards, however, no changes are necessary to these standards. 
ASHRAE Standard 90.1-2004
 provides minimum requirements for the energy-efficient design of buildings except low-rise residential buildings. The main issue in using DV systems with ASHRAE 90.1 is that the standard does not recognize the partitioning of the loads between the occupied space and the return air plenum (see Table 8). As explained in the 90.1 user’s manual,
 this standard furnishes several paths for complying with providing minimum requirements for the energy-efficient design of buildings except low-rise residential buildings. The EnergyPlus Program is specifically cited in the language that describes acceptable simulation programs in presenting the Performance Rating Method in Appendix G of ASHRAE Standard 90.1-2004. The ECB method described in Chapter 11 of the standard allows for the use of simulation programs, specifically citing DOE-2 and BLAST but not excluding other programs. Both the Performance Rating Method and the ECB method permit the use of design systems that could reflect the attributes of DV systems while also modeling reference systems that reflect the use of mixed-ventilation systems. Use of EnergyPlus as the simulation program would allow the designer to provide the best available evaluation of a building designed with DV systems. 

It would be desirable for ASHRAE 90.1 to acknowledge the acceptability of a simplified procedure for adjusting the loads in models such as DOE-2 to permit the use of these widely used tools in modeling commercial building systems. 

Facilitating these changes will allow designers to take credit for the attributes of displacement ventilation systems in their building designs under ASHRAE 90.1-2004 jurisdiction. It would also facilitate obtaining LEED points in the Energy and Atmosphere (EA1) Credit, which is based on ASHRAE 90.1.

DV and CHPS
CHPS was organized in 1999 by the Energy Commission, calling together Pacific Gas and Electric, San Diego Gas and Electric, and SCE to improve the performance of California schools. Out of this partnership, CHPS has grown to include a diverse group of government, utility, and school organizations that has produced a set of best practice manuals and achieved national prominence.

The collaborative has developed criteria that explicitly define a high performance school. These criteria are most useful as a goal-setting and planning tool. Version 1.0
 was published in November 2001. The document has not been updated since then, so the information presented in the final Code Action Plan is current (with the exception that the provisions of Energy Prerequisite 1: Minimum Energy Performance have been amended to replace all references to Title 24-2001 with references to Title 24-2005). CHPS criteria are similar to the LEED Green Building Rating System® (the “LEED rating system”), but there is no interchangeability between the two systems.

Although DV technologies are not specifically addressed in the current CHPS credits, they are being considered in the newest version of the CHPS Best Practices Manual, Volume III, Criteria.
 This document is currently being taken through the public review process. Because DV could assist in achieving credits in several areas (such as increased ventilation effectiveness and acoustical performance), Project 4 staff recommends that the following language be included in the next version of Volume III: 
· IAQ will be enhanced by the vertical plumes that rise from heat and pollutant sources providing a ventilation effectiveness of greater of 1.2 minimizing horizontal flow of contaminants, keeping air fresh in the occupied zone. This is acknowledged by a proposed credit of 2 points in the Indoor Environmental Quality section (EQ2.1 Increased Ventilation Effectiveness) when displacement ventilation is used in at least 90% of the classrooms in a school.
· Improved Acoustical Performance (Indoor Environmental Quality 5) will be enhanced due to the low air velocities and low background noise of displacement ventilation mechanical systems and delivery systems. Displacement ventilation systems should therefore be recognized in the recommendations in this section as an option to be explored for achieving 35 acoustic decibels (dBA) maximum (unoccupied) background noise levels in a future version of Volume III of the CHPS Best Practices Manual. 

A major benefit that is likely to be realized from the use of DV systems will be in the Superior Energy Performance (Energy Efficiency C1) category. To achieve appropriate credits in this category, the modeling recommendations provided in the Title 24 section need to be accepted. This would allow the multimode-plume model calculations incorporated into Energy Plus to be used. In addition, heat-balance models such as DOE-2 or EnergyPro could be modified to permit load adjustments that reflect the stratification produced by DV systems. The C1 category includes 2 points for exceeding Title 24 2005 by 15%; 4 points for exceeding Title 24 2005 by 20%; 6 points for exceeding Title 24 2005 by 25%; 8 points for exceeding Title 24 2005 by 30%; and 10 points for exceeding Title 24 2005 by 35%.

The current version of Volume II of the CHPS best practices manual9 includes substantially more information on DV in Thermal Comfort Guideline TC2. This information, however, should be further enhanced to include current citations of recent field experience with DV in school design as well as information on available analysis tools. DV should also be cited as a desirable system to be considered in the energy efficiency checklist for HVAC systems in the introduction to Volume II of the CHPS manual.

DV and LEED

The U.S. Green Building Council uses the LEED rating system as a means of evaluating and certifying the energy and environmental performance of buildings. Version 2.1 was issued in November 2002 and revised in March 2003.
 Version 2.2 was issued in October 2005
 and supersedes Version 2.1 for projects registered after January 1, 2006. (For projects registered prior to this date, LEED Version 2.1 remains in effect and the provisions outlined in the final Code Action Plan still apply.)

Information on the certification process and the levels of possible certification can be found on the LEED Web site.
 Threshold requirements must be met in the following categories: sustainable sites, energy and atmosphere, materials and resources, IEQ, and water efficiency. After these requirements are met, the building can earn credits that result in points being applied to achieve the resulting certification level. The final Code Action Plan discusses some of the LEED rating requirements and opportunities for credits that apply to the DV systems that were studied in this program and offers suggestions on how to obtain these credits.

Changes from versions 2.1 to 2.2 that affect DV include references to current versions of ASHRAE 90.1-2004, ASHRAE 62.1-2004 (Ventilation for Acceptable Indoor Air Quality), and ASHRAE 55-2004 (Thermal Comfort Conditions for Human Occupancy) rather than the 2001 versions previously cited. In the EA1 credit category, for new buildings, 1 point is given for exceeding ASHRAE 90.1 by 10.5% and 1 point is given for every additional 3.5% increase in efficiency. The credit assigns up to 10 points for exceeding ASHRAE 90.1-2004 by 42%. For existing buildings, 1 point is given for exceeding ASHRAE 90.1 by 3.5% and 1 point is given for every additional 3.5% increase in efficiency. The existing building credit assigns up to 10 points for exceeding ASHRAE 90.1-2004 by 35%. Provisions are also given for using local codes with demonstrated equivalence to ASHRAE 90.1-2004. 

EA Prerequisite 1 (EAp1), which deals with commissioning of building energy systems, is a corollary area to EA1 and was also changed. The more detailed requirements of EAp1 will be useful in ensuring that the assumptions made in the energy calculations are realized in the field.

In the Increased Ventilation (EQ2) credit category, references to ventilation effectiveness have been replaced with a requirement that ASHRAE 62.1-2004 breathing-zone ventilation rates be exceeded by at least 30% to achieve a credit of 1 point. Because DV systems are often used effectively with 100% outside air, this credit should be readily achieved. The Project 4 team recommends that consideration be given to inserting language in the Potential Technologies and Strategy section in future versions and documentation of the LEED rating system that cite the ability of DV systems to provide this credit.

In the Thermal Comfort (EQ7) credit category, references to achieving the requirement of ASHRAE 55-2004 are cited. Because DV systems deliver cooling air at a relatively high temperature and low velocity, they are likely to minimize uncomfortable drafts compared to the higher velocity, lower supply temperatures delivered by mixed-ventilation systems. It is recommended that consideration be given to inserting language in the Potential Technologies and Strategy section of this credit in future versions and documentation of the LEED rating system that cite the ability of DV systems to facilitate the achievement of this credit.

Up to 4 points can be achieved in the Innovation & Design Process (ID) credit category for exceptional performance above that set by the LEED rating system and for innovative performance in green building categories not specifically addressed by LEED. The improved ventilation effectiveness and IAQ in buildings deploying DV are not otherwise accounted for in the requirements set by the LEED rating system and for innovative performance in green building categories and should therefore result in some additional credit being imparted to the DV system in the ID area. It is recommended that consideration be given to inserting language in the Potential Technologies and Strategy section of this credit in future versions and documentation of the LEED rating system that cite the ability of DV systems to facilitate obtaining credit points in this area.

Acknowledging the usefulness of incorporating the load calculation simplifications embodied in Table 8 into ASHRAE 90.1 provisions will permit heat-balance tools to be more readily used for flow down to LEED energy use calculations. Some rating officials already accept this partitioning. If ASHRAE includes this in its code language for standard 90.1, no specific additional actions will be required by LEED. In the absence of this acknowledgement, LEED officials may want to sanction the acceptability of this method to “rating authorities.”

DV and Savings By Design

This program,
 which is funded by California’s utility customers and administered by the state’s investor-owned utilities and SMUD, provides design assistance services and financial incentives to help make energy performance a top priority for architects, engineers, and building owners. The program was updated in 2006 to include new electric and gas rates to compute benefits. Within the program, two approaches are possible—the “systems approach” and the “whole building approach.” As noted in the final Code Action Plan, the whole building approach is most applicable to DV and is discussed here.
Under this approach, design assistance, simulation assistance, report preparation, and systems integration design assistance are available. For example, the owner incentive is triggered when the overall savings exceeds 10% of Title 24 standards. The whole building owner incentive rate currently in place in 2006 begins at $0.10/kWh and $0.34/therm at 10% beyond standards threshold and increases to $0.25/kWh and $1.00/therm at 30% beyond standards. The owner incentive can reach a maximum level of $150K when savings exceed 30% of Title 24 standards. Design team incentives are triggered when the savings exceed 15% of Title 24 standards and range from $0.05/kWh and $0.187/therm to $0.083/kWh and $0.333/therm when savings exceed 30% of Title 24 standards. Design teams can achieve a maximum level of $50K per project when savings exceed 30% of Title 24 standards. Participation procedures, documentation requirements, and incentive calculation procedures are provided on the website at http://www.savingsbydesign.com.
In a whole building approach analysis, two sets of simulation runs are required for each measure or package of measures. The first set of runs is a Title 24 compliance run that establishes the “compliance margin” that is used to determine the incentive rate. This set of runs must conform to the ACM rule set, but does not necessarily have to be run with the certified tool, as long as it correctly follows the Title 24 rules. The second set of runs uses real operational characteristics to determine estimated savings, which are multiplied by the incentive rate to determine the incentive amount. Some of the assumptions that are fixed in a compliance run (such as economizer hours and cooling loads) may be freed up in this set so that a better picture can be obtained of the true savings involved.

Any changes suggested and adopted for Title 24 would have an impact on the whole building approach. Calculation procedures similar to that suggested in the methodology surrounding Table 8 should be permitted for use with eQUEST to facilitate computation of incentives for displacement ventilation. Savings By Design should also consider using information such as that presented in the Energy Design Resources Brief
 to inform its participants of the attributes of this technology.
The information covered in this section formed the basis for a Code Action Plan white paper/brochure that was prepared in May 2006.
 The document contains recommended revisions to Title 24, ASHRAE 90.1, CHPS, LEED, and Savings By Design. The white paper is in the process of being transmitted to influential organizations and personnel dealing with each of the codes and guidelines addressed.

Codes and Standards Affecting UVC for Coil Cleaning

Comprehensive evaluations of codes- and standards-setting bodies and related organizations that have provisions in their codes and guidelines that could affect the design, deployment, and operation of UVC systems for coil cleaning were performed and updated in 2004. The details of that evaluation are provided in the final Code Action Plan. That report showed how existing standards and guidelines need to be modified to ensure that UVC is handled fairly. Recommendations made in this plan applied to the standards, guidelines, and program documents and criteria in place at the time the plan was initially developed. Since 2004 some of these documents and criteria have been updated. The following section serves as an update the of the issues and recommendations in the final Code Action Plan needed to reflect the current state of the technology, as well as the codes, standards, and guidelines currently in place. 
Code Action Plan White Paper/Brochure for UVC for Coil Cleaning

The information and the actions needed to properly account for the attributes of UVC in current codes, standards, and guidelines are presented in a UVC code action white paper/brochure.

Although building performance standards and certification programs are generally based on the as-designed and as-built conditions, building performance tends to degrade as the building ages. Degradation of the air-handler performance, for example, can be affected by the buildup of dirt and microorganisms on the heat exchanger surfaces with the passage of time. This buildup and consequent fouling and performance degradation is exacerbated in the presence of moisture, mold spores, bacteria, and other environmental parameters that encourage the growth of microorganisms. 

Several issues should be addressed in response to coil performance degradation. Effort should be made to keep the coil clean to minimize energy use and maintain systems capacity and building comfort. The building operator should regularly inspect and monitor the condition of the air handler/coil surfaces to assess the degree of biological buildup using measures such as visual inspection, presence of odor, increased pressure drop, and occupant complaints about insufficient cooling. Language in codes and guidelines should refer to ASHRAE guidelines being developed as SPC 180P
 to provide minimum inspection requirements that preserve a building’s ability to achieve acceptable thermal comfort, energy efficiency and IAQ in buildings. 

Coil cleaning procedures should be applied to conditions that produce or are likely to produce substantial coil fouling. If UVC lights are used for cleaning, adherence to the guidelines outlined in this report and those being developed by the IUVA
, 
 should be required. These guidelines deal with sizing, location, safety, operation, and maintenance.

Substantial additional field testing is needed to quantify the potential improvement in performance accruing from the use of UVC lights in conditions that could otherwise produce substantial coil fouling. Correlations resulting from this testing could then be factored into the calculations employed to evaluate energy performance in codes such as ASHRAE 90 and Title 24. Once this has been done these calculation procedures could be factored into the LEED rating system to provide for superior energy performance if UVC is used to maintain an otherwise severely fouled coil in a clean condition. Similarly, credits could be provided in the CHPS manuals to reflect performance enhancements resulting from UVC implementation. 

Applicants for building energy code approval or certification by guidelines should be made aware of the issues surrounding building maintenance and operation in order to maintain the performance of the HVAC system over the life of that building. 

Commissioning and retrocommissioning should include examination of coil cleanliness and the measurement of coil pressure drop and system cooling capacity to assess the need for cleaning. It may be important to develop a database and guidelines for the following: 1) when coil cleaning is likely to be needed, 2) the effect of UVC lights on traditional coil cleaning methods in optimizing coil energy use and minimizing possible carry over of contaminants into the occupied classrooms. 

Program Market Connection Results
Project 4 staff successfully conducted market connection efforts by developing access to existing information dissemination channels through e-mails, telephone conversations, and meetings with influential market participants and the organizations on which they depend for receipt of information on new technologies. Using some of these same influential market participants as reviewers, the project team developed and delivered all products planned in the contract scope of work to the audiences for which they were intended in a timely manner.
Outcomes
This section outlines how each of the objectives set forth at the start of the project were achieved.

Influential market participants were involved at all stages of the program planning and execution to ensure that the program was designed, conducted, and documented in a manner that achieves results that will maximize market penetration and benefits. This assured that the needs of these influential market participants were met through this involvement and that their influence was utilized in convincing their colleagues to accept and adopt the results. 
Market participants in the PAC, other important players (such as ASHRAE and CASH members, utilities and their interested constituents) and existing information channels, meetings and publications were utilized to deliver accurate and timely information regarding the DV and UVC technologies to those who can influence school facility construction and operations.
Specific expert guidance was provided to the program director, project managers, and technology developers on technology transfer approaches, format, and content requirements needed to meet infrastructure and specifier needs to maximize market success. To name a few examples; this information consisted of cost assessments and benchmarks for the technologies; technical assessments of coil fouling and the resulting potential benefits of UVC for coil cleaning; market connections and market potential information taken from a manufacturer’s viewpoint in the course of influencing Carrier to provide a single package direct expansion HVAC unit that met the needs of the project; and suggestions for obtaining additional cooling test data for the Capistrano classroom demonstration to provide a more compelling case for code changes.
Consistent and relevant information was delivered in effective media forms to relevant market actors and consumers to enable understanding and acceptance of all program products. Results were presented in a format that helped overcome market barriers and issues of concern to infrastructure players by promoting understanding of the technologies and providing them with all available information on the efficacy of the DV and UVC technologies tested. To the extent that convincing information was obtained, this helped them understand the risks and the corresponding potential energy and cost savings, and environmental benefits involved. 
The Code Action Plan and white papers/brochures provided assessments of the codes and standards issues affecting the adoption of DV and UVC technologies, identify individuals and organizations that could influence the acceptance of desired changes in codes and standards, and identified the changes needed to properly account for the attributes of DV and UVC systems in schools. This information, secondary research on DV and UVC benefits and the results obtained from this Program were included in the code action white papers. Information regarding the codes and standards issues impeding the acceptance of these technologies has already been disseminated to influential codes, standards and guideline setting bodies in the course of developing the plan and the code action white papers/brochures. Some actions have already been taken to include the recommended changes in existing codes, standards and guidelines, possibly, in part, as a result of these interactions. The code action white papers will be transmitted to these individuals and organizations in June 2006. 
Potential Impacts
Because of the projects’ small sample size, the results were not statistically significant in terms of energy savings that might accrue from DV or UVC technologies in California K-12 schools. However, savings estimates can be made using the following information. 
· Using information from several sources,
,
 cooling electricity use in K-12 schools is about 12% of total school electricity use. Total school electricity use in California is about 5 billion kWh/yr, with cooling accounting for about 600 million kWh/yr in electricity use. 

· If all the schools in California used UVC lights for coil cleaning and they saved 5% of their cooling energy use, the UVC lights would save 30 million kWh/yr.
· If all the new K-12 school construction projects and HVAC renovations that are anticipated in the next 5 to 7 years installed DV systems and they saved 20% of the cooling energy use, approximately 40 million kWh would be saved over that period. This is based on construction estimates of $50 to $75 billion over the next 5 to 7 years, with 40% used for new construction and 15% for major HVAC renovations and typical construction costs. 

· Assuming 100% market penetration is clearly unrealistic, and even 20% seems likely to be a major stretch. Market penetration estimates can be made based on life-cycle cost calculations and payback periods, along with market research that includes interviews with key infrastructure participants.
Conclusions

The results of the primary research indicated that DV and UVC technologies could have some benefit for reducing energy use and improving IAQ in K-12 schools in California. 
The primary data for DV showed savings during the month of November 2005 of over 39% with most of the savings due to increased economizer use and some due to reduced cooling loads but some of this savings may have been due to the VAV operation of the system rather than its displacement ventilation characteristics. Additional data was being taken through June15th 2006 but this data had not been analyzed as of the writing of this report. After this data is analyzed, if results are promising, revised versions of the technology transfer deliverables should be prepared and disseminated to influential market participants. Information dissemination channels and connections with key market participants have been established that can be effectively used to transmit these results in the format and venues most useful to these organizations and individuals. Additional recommendations for more testing are provided below.

The primary data for UVC technology for coil cleaning showed substantial surface disinfection but no statistically significant reduction in HVAC coil energy use or absentee rates. These conclusions, while different than what was originally expected, should not be surprising when the influence of coil fouling on system performance degradation is better understood. The sidebar in the UVC Fact Sheets and Journal Articles explains that a fouled coil (defined as a coil with twice the pressure drop of a new coil) typically causes HVAC system efficiency degradation of less than 5%. Since substantial fouling is needed to produce a modest degradation in efficiency and the conditions promoting fouling – high temperature and humidity (and sources of microorganisms)- do not often occur in most California climates, the Project 2 test results are not surprising. More testing is advocated for this technology, with selection of the test units designed to seek out those that might display biofouling.
Recommendations 

Additional testing is recommended to evaluate a much larger sample of air-handling units and UVC light systems, with some of these units in situations that would include moist, microbe-rich conditions that would encourage coil fouling and loss of performance. 
With the DV systems, more data are needed from the Capistrano classroom to corroborate the indication that the system provides cooling energy savings and IAQ improvement. If possible, additional data should be obtained to perform validation of the “load partitioning” being considered by Title 24 personnel as a means for enabling the use of programs such as DOE-2.1 or DOE-2.2 to model displacement systems. If these data and corresponding correlations were available, the case for implementing code changes to accommodate the use of these technologies would be stronger.

Extending the period of performance of Program Market Connection (Project 4) beyond that of the technical efforts of Projects 2 and 3 would result in more effective distribution and dissemination of the results of those projects to key market participants. In addition, the Project 4 team could follow up on questions and requests for additional information with answers, additional information, published articles, and presentations at critical meetings and other venues.
Glossary 
Terms and acronyms used throughout this report are defined as follows.
	Acronym/Term
	Definition

	ACCA
	Air-Conditioning Contractors of America

	ACEEE
	American Council for an Energy-Efficient Economy

	ACGIH
	American Conference of Governmental Industrial Hygienists

	ACM
	alternative calculation method

	AESC
	Association of Energy Service Companies

	AESP
	Association of Energy Service Professionals

	AIA
	American Institute of Architects

	ANSI
	American National Standards Institute

	ARI
	Air-Conditioning and Refrigeration Institute

	ASHRAE
	American Society of Heating, Refrigerating and Air-Conditioning Engineers

	CASBO
	California Association for School Board Officials

	CASH
	Coalition for Adequate School Housing

	CHPS
	Collaborative for High Performance Schools

	CMAA
	Construction Management Association of America

	CSBA
	California School Boards Association

	CTA
	California Teachers Association

	dBA
	acoustic decibels

	DOE
	U.S. Department of Energy

	DV
	displacement ventilation

	EA1
	Energy and Atmosphere credit

	EAp1
	EA Prerequisite 1

	ECB
	Energy Cost Budget

	EdSpecs
	Educational Specifications

	EPRI
	Electric Power Research Institute

	ESCO
	Energy Service Company

	GSA
	U.S. General Services Administration

	HVAC
	heating, ventilating, and air conditioning

	IAQ
	indoor air quality

	ID
	Innovation & Design (process)

	IEQ
	indoor environmental quality

	IESNA
	Illuminating Engineering Society of North America

	IFMA
	International Facilities Management Association

	IUVA
	International Ultraviolet Association 

	LBNL
	Lawrence Berkeley National Laboratory

	LEED®
	Leadership in Energy and Environmental Design 

	MIT
	Massachusetts Institute of Technology

	NAESCO
	National Association of Energy Service Professionals

	NEA
	National Education Association

	NEED
	National Energy Education Development

	PAC
	Program Advisory Committee

	PIER
	Public Interest Energy Research

	PNNL
	Pacific Northwest National Laboratory

	RH
	relative humidity

	SAB
	State Allocation Board (California)

	SBIC
	Sustainable Buildings Industry Council

	SCE
	Southern California Edison

	SMUD
	Sacramento Municipal Utility District

	TC
	Technical Committee (ASHRAE)

	TG
	Task Group (ASHRAE)

	UFAD
	under-floor air distribution

	USGBC
	U.S. Green Building Council

	UVAS
	ultraviolet air and surface treatment

	UVC
	ultraviolet radiation in the “C” wavelength range

	UVDI
	Ultraviolet Devices, Inc.
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